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THE PLENTIFUL RARE EARTHS 





some facts about a clubby clan of elements that are rare in name only 


e got to thinking the other day 
Wie« perhaps a lot of industry 
folks are passing up a dia- 
mond-studded opportunity because 
they believe the rare earths are 
unavailable in commercial tonnages. 
Nothing could be farther from the 
truth. Rare earths are not rare! Com- 
mercial salts of the rare earths are avail- 
able, right now, for prompt shipment 
in quantities from a gram to a carload. 
That the rare earths are so plentiful 
is due, in large part, to Lindsay. During 
the Jast 50 years, Lindsay has devel- 
oped the extraction and separation of 
rare earths to a high degree. 

‘New equipment and processes are 
now in operation at Lindsay’s West 
Chicago plant and are producing 
greater quantities of these versatile ma- 
terials in higher purities than before. 


FROM 57 THROUGH 71-—Some 
chemists call rare earths Lanthanides, 
Lanthanons or the Lanthanum Series. 
Actually they are not earths, but tri- 
valent metals, a rather amazing family 
of elements . . . atomic numbers 57 
through 71. They are grouped together 
because they are always found to- 
gether, with thorium and yttrium, in 
ores such as monazite, and all have 
closely related properties. While rare 
earths are technically metals, Lindsay 
produces them in chemical salt forms— 
individually or in combinations. 








ATOMIC NUMBER ELEMENT 
39 Yttrium 
57 Lanthanum 
58 Cerium 
59 Praseodymium 
60 Neodymium 
62 Samarium 
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a report by Linpsay 








ATOMIC NUMBER ELEMENT 
63 Europium 
64 Gadolinium 
65 Terbium 
66 Dysprosium 
67 Holmium 
68 Erbium 
69 Thulium 
70 Ytterbium 
71 Lutetium 
90 Thorium 


SOME USES FOR RARE EARTHS 
LANTHANUM—As lanthanum oxide in 
a high refractive optical glass, particu- 
larly for aerial cameras and other in- 
struments. 

CertuM—Glass polishing. Scavenger in 
explosives production. Radiation pro- 
tection glass for atomic reactors. Opac- 
ifier for porcelain. Oxidizing catalysts 
in organic preparations. Ultraviolet 
light absorber. 

MIxED RarE Eartus—Misch metal for 
lighter flints and alloy uses. Motion 
sickness medication. Cores of are car- 
bon electrodes. Aluminum and magne- 
sium alloys. 

PRASEODYMIUM & NEODYMIUM—Di- 
chroic colorants for ceramic glazes and 
glass. Used in better grade sun glasses. 
They do not lower light permeability 
and index of refraction when used as 
colorant or decolorizer. Ceramic capac- 
itors. 

The rare earths are becoming in- 
creasingly important in the production 
of steel and steel alloys. Small quanti- 
ties added to the metal in the ladle re- 
sult in a strong, fine-grained steel. Steel 
thus treated has great resistance to low 
temperature oxidation and corrosion. 
Stainless varieties have better hot and 
cold workability. Silicon and electrical 


grade steels have better electrical qual- 
ities. 

Rare earths added to cast iron act as 
powerful deoxidizers and help remove 
sulfur from the molten metal. They are 
responsible for cast iron that is resistant 
to scaling at higher temperatures and 
to certain corrosive atmospheres. In 
malleable metals, they act as a carbide 
stabilizer. 

Magnesium-rare earth-zirconium al- 
loys have excellent casting qualities 
and mechanical properties that make 
them ideal for important light-weight 
stressed components of aircraft engines. 

Other rare earth compounds are used 
extensively for waterproofing, mildew- 
proofing, weighting and dyeing of fab- 
rics and compounding printing inks 
and phosphors. 


LIKE AN ICEBERG—You might com- 
pare uses for the rare earths to an ice- 
berg. What you see is only a small part 
of what lies undiscovered under the 
surface. In all probability, there is a 
real place for one or more of the rare 
earths in your operations. New uses— 
and profitable ones, too—are being dis- 
covered constantly. These versatile ele- 
ments offer so much promise in so many 
different ways they merit your investi- 
gation. 

To industries interested in the rare 
earths, we offer detailed technological 
data compiled over the years by our re- 
search staff. We will also furnish sam- 
ples for experimentation, 

And please remember . . . the rare 
earths are plentiful. Lindsay can sup- 
ply you with quantities from a gram to 
a carload. 









PLEASE ADDRESS INQUIRIES TO LINDSAY (CHEMICAL (OMPANY 


280 ANN STREET « 


WEST CHICAGO, ILL. 

















| Seitz first in precision optics 
LEITZ PHASE CONTRAST OBJECTIVES 





The complete line of LEITZ PHASE CONTRAST OBJECTIVES makes possible a wide range 
of magnifications and working distances in phase contrast microscopy. Manufactured to the 
highest standards known to optical science, LEITZ PHASE CONTRAST OBJECTIVES include 
water and oil immersion types as well as high dry objectives with exceptionally long working 
distances. The latter, available with high contrast, are particularly desirable for tissue 
culture examinations. 


The LEITZ PHASE CONTRAST CONDENSER, when used with high dry objectives, has a 


working distance of approximately 12 millimeters—one example of the many advantages 
of LEITZ PHASE CONTRAST. 


A reputation for integrity and a tradition of service have led thousands of scientific workers to 
bring their optical problems to Leitz. If you have problems in this field, why not let us help you 
with them? 














romnr nr nnn eee 7 
E. LEITZ, INC., Dept. SC-1 i 
| 468 Fourth Avenue, New York 16, N.Y. | 

! 
; Please send me the Leitz brochure. | 

See your Leitz dealer and examine these Leitz | ! 

instruments soon. Write for information.|  “*“* 
| 
| STREET. | 
city ZONE. STATE 
Re cee ce ces ee cee eee es ee ee we ee ee ee ee ee ee ee ee —_ 


E. LEITZ, IiNC., 468 FOURTH AVENUE, NEW YORK 16, N.Y. 
Oistributors of the worid-famous products of 
Ernst Leitz G.m.b.H.,Wetzlar Germany-Ernst Leitz Canada Ltd. 
LEICA CAMERAS - LENSES : MICROSCOPES BINOCULARS 














SCIENCE is published weekly by the AAAS, 1515 Massachusetts “Ave., NW, Washin ton 5, ‘D.C. Entered at the Lancaster, Pa., Post Office as eeetad dns 
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for 
RESEARCH 
in , 
CELLULAR 
‘and METABOLIC 
MEDICINE 


Clinical Preparations Radioactive Products 


LYCEDAN® C™— and S*-Amino Acid 
Schwarz Adenosine-5- C™- and S**-Glutathione 
Phosphoric Acid C"-Ribonucleic Acid 

METHIACIL® C-Ribonucleosides 
ree ng hi aineinamnai 
Schwarz Tonic Nucleates - 1 “ . 

NUCLEIC ACID PRE Ge 
and SODIUM C'-Deoxyribonucleic Acid 
NUCLEATE Tablets C™- and S*-Yeast Cells 

TRIPHOSADEN® C™—Euglena Extracts 
Schwarz Adenosine P**—Adenosine Phosphates 
Triphosphate 

TRIPTIDE® 


Schwarz Glutathione 


These Schwarz fine chemicals satisfy the exacting requirements 
of products intended for laboratory and biochemical use. 

To assure the user of highest quality and purity, rigid speci- 
fications in accordance with latest literature are established for 
each product, each lot is carefully analyzed and checked before 
shipment, complete records are permanently kept, and an analy- 
sis is furnished the user if desired. 

Quantity production resulting from the wide preference and 
demand for Schwarz high-quality biochemicals provides ample 
supplies at low cost. Write for informative technical bulletins, 
specifications, references to literature, and latest complete pricelist. 


SCHWARZ LABORATORIES, INC. 


Leading Manufacturers of Yeast Biochemicals and Fine Chemicals 


230 Washington Street, Mount Vernon, New York 


SL-353 
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LAMBDA-PETTES 


oS 2 oe 2 oe ae 2 


‘any other types of quality micropipettes, made in our own 
glass shop, available direct or from your local dealer. 


Please write for the RSCo MICROPIPETTE Catalog 155 




















RESEARCH SPECIALTIES CO. 
2005 Hopkins St. Berkeley, Calif: 








HY-SCORE Goto 


The most modern... most accurate 


4” Equatorial Refractor 
with Clock Drive 


SEND FOR 
FREE CATALOGUE 


® Modern equatorial mount can be rotated 
360° by slow motion handles on smooth 
worm gears for both declination and R. 
4 FULLY CORRECTED, COATED - 
pieces (Mittenzwey-Huygens 250x5mm, 120x 
12.5mm, 60x25mm; Kellner 38x40mm). 
Focal length 1500mm, resolving power 1.16’. 
Faintest discernible star 11™8. 


GUARANTEED fully corrected for astigma- 
tism, spherical aberration, coma and will 
give correct point of image, so important to 
separate the double stars. 

Includes: 7x22 Achromatic removable view 
finder; cross-hair focusing; pinion mechan- 
ism; star and sun diagonal ; sunglass; sun 
projecting screen; electric "driving clock ; 
wooden cabinet; RUGGED tripod with 
equipment table. 


There is a HY-SCORE Goto Refractor to suit 
your needs, ranging from $75 to $4975. 


If your dealer cannot supply you, send check or 
money order for immediate shipment from stock. 


HY-SCORE Goto Scientific Instrument Division, Dept. 30 
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x a Sehouar accommoda 


é: \ 15°An ertieads ,\S ~~ 
: °2 Multispeed attachrhentyhéads ~ 
4 Basket style heads | . AS y * 
“Speeps and FORCES — Ay 4% = f ~\ 
‘i Adjustable speeds5 Sup } 105600 r.p.m. 
29 R.C.F.— up to 5100 G2 a 
ee eed attachment provides up*to fs, ~ 
0 r.p.m. and 2%500 e ae we Bs \ 
ciiiehan — ct ona ; 


MS ‘ed 
Standard glass and plane contains ts U hea * 
from 10 ml. to 250 mk 
Total maximum capacity — 1000 mi 


“ te ~. 


SIZE 2, MODEL V CENTRIFUGE \\A 


VERSATILITY — accommodates M) ( \ Biv’ 
14 Horizontal swinging heads 7) \oo 
16\Angle heads‘ ; 4 

2 Multispeed attaghment heads VV 
4 Batket style hedds~ ~~ ! 

SPEEDS and FORCES — ‘Sees eh } 
Adjustable speeds u OC r.p.m. \ \ 
R.C.F. — up to 4 wa ps , 
Multispeed dearer ale ‘provides upjto 

19,000 r.p.m. and 25 000). \ fi 

CAPACITY — 4 

Standard glassware from is ml. to 650 ml. f | 


‘ea 


Plastic containers up to ml. i 4 
Total maximum capacity, — 4 liters. 7 44 









} 
Throughout the world there are standards of co 
many products. For Laboratory Centri uges th 
comparison is, invariably, International's, 
Centrifuges are truly International Standards. 
International Equipment Company offers you the/experience 
of more than fifty years of specialization in the desigh and manu- 
facture of Centrifuges. Motors and accessories, spegffically designed 
for these machines, are completely manufactured in the Interna- 
tional Plant, eliminating the chance of obsole$cence of the whole 
machine for lack of one of its parts. Acgé8sories are thoroughly 
tested and rated for the model in whieh they are to be used. To 
assure “‘follow- up” safety for theetiser, Speed and Force Tables 
are provided, giving perform a ce expectations and safety limits 
for each combination 
With such built-in reliability, it is small wonder that bid speci- 
fications, government or private, the world over, call for these 
International Centrifuges. 









International Equipment Co. 


1284 SOLDIERS FIELD ROAD * BOSTON 35, MASSACHUSETTS 
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Dehydrated 
Culture Media 
DIFCO 


The utmost in efficiency and economy in 
the bacteriological laboratory is realized 
through use of Dehydrated Culture Media, 
Difco. 


Convenience—any medium can be instantly prepared. 
Stability—media can be kept without deterioration. 
Availability—each medium is instantly available. 
Completeness—no additional ingredients are required. 
Uniformity—successive lots are identical. 


Comparability—dependable, comparative studies are 
possible in widely separated laboratories over long 
periods of time when standardized Difco Products 
are employed. 


Specify “DIFCO” 


DIFCO LABORATORIES 
DETROIT 1, MICHIGAN 
































one 19” x 19” Lab-aid unit section 
holds up to 6500 1” microslides 


other bulky files need this much 
more space to hold as many slides 
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laboratory filing systems 


THE TECHNICON COMPANY 
P.O. Box 25 
Chauncey. New York 


Paris Office: COMPAGNIE TFCHNICON © 7 rue Georges Ville + Paris 
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simple + flexible - inexpensive 


MULTI-PURPOSE DIALYZER 


| Providing for 16 separate samples, each up to 20 ml, the 
| Oxford Model B Dialyzer has a buffer capacity up to 5 liters. 
The unit is particularly useful for concentrating dilute protein 
| samples for paper electrophoresis and for treating protein 
fractions prepared by the continuous-flow curtain method. 


| Arranged for utmost convenience, the Model B revolves 
samples in a circular path as shown in the illustration. Samples 
cre separately contained in lengths of cellophane tubing. 
Baffles at the bottom of the Pyrex brand glass tank contribute 
a maximum dialyzing efficiency by giving both internal agita- 
tion to the sample and external agitation to the buffer. 


Send for further details. Write: 


xford te 
aboratories 


11] SUTTER STREET * SAN FRANCISCO 4 * CALIFORNIA 
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STIMULATOR 


FOR 


STUDENT USE 


ALL ELECTRONIC — WAVEFORM RECTANGULAR 


STIMULUS DURATION STIMULUS FREQUENCY 
(Selectable from Front Panel) (Selectable from Front Panel) 
oc. 
SINGLE STIMUL 
0.05, 0.1, 0.2, 0.5 . ie: : y “oe US 
Ee re 
20., 50. milliseconds 20, 60, 120, 240 cps. 
all+10% all+10% 


STIMULUS VOLTAGE VARIABLE TO + 150 VOLTS 
SIGNAL MAGNET OUTPUT — SYNCHRONIZING OUTPUT 


— complete data on request — 


These units (AEL MODEL 751) have been in use 
for over four years in numerous Universities and Col- 


leges. Many have been used for research. 


Cost of one unit, $125.00 — liberal ascending dis- 
count scale on quantity purchases. All our products are 


sold under a one-year warranty. 


- TEACH WITH MODERN. ACCURATE EQUIPMENT - 


AMERICAN ELECTRONIC LABORATORIES, INC. 


“Manufacturers of quality Electrophysiological Apparatus” 
Plant - 1, 121 North 7th St., Phila. 6, Penna. 
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ae A NEW CONCEPT 


IN CLINICAL CHEMISTRY! 
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Lyophilized, single assay, reagent tubes for 
determination of serum TRANSAMINASE, URIC ACID 
and LACTIC ACID DEHYDROGENASE 


ACCURATE SIMPLE LOW-PRICED 


(merely add water, serum and read) 


Although developed for use with a spectrophotometer, a spectrophotometer is not necessary for 
Transaminase or LDH Determinations. The tubes may be used as cuvettes in the new, low priced 
COENZOMETER (pat. pending) which measures absorption at 340 mu. This instrument is currently 
being introduced by Macalaster Bicknell Company, 243 Broadway, Cambridge, Mass. 


THE NEW, RAPID MICRO METHOD 
UU. C Od CZ OF GLUCOSE ANALYSIS 


REQUIRING NO DEPROTEINIZATION or HEATING 





Based on the coupled enzyme system of glucose oxidase and peroxidase, the reaction is 
specific for glucose. 


A blood glucose can be obtained in 11 minutes using 0.1 ml. serum or plasma. A photoelectric 
colorimeter is the only piece of special apparatus necessary. Simply add serum to reagent and read 
color in 10 minutes. 


With proper precautions, the method is suitable for urine glucose determinations. 


SIMPLE SPECIFIC QUANTITATIVE 


Write to us for complete information including coenzometer literature 


WORTHINGTON BIOCHEMICAL CORP. 
FREEHOLD, N. J. 
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Sources of Research Support 


“Can you please tell me where I can get a grant for a research project 
on... ?” In one form or another this request comes fairly frequently to the 
AAAS office, as it does to the offices of other scientific associations and 
agencies. We should like to help the authors of these requests, but our 
judgment of the merits of a proposal is not really relevant, and our advice 
on possible sources of support is likely to be poorer, and certain to be 
slower, than information the authors can get for themselves from easily 
available sources. 

These requests seem to indicate a failure of communication. The prospec- 
tive grantee may not know it, but he has access to considerably fuller in- 
formation than we or any other remote adviser can give him. As a start, 
he can consult America’s Foundations and Their Fields [American Foun- 
dation Information Service, 860 Broadway, New York]. This useful volume 
describes the objectives and programs of 4162 foundations, indicates the 
fields supported by each, and contains an index of fields that will help 
anyone to select the foundations that might be interested in his particular 
proposal. A prospective grantee will find it both useful and interesting to 
spend a couple of hours studying this reference source. 

The American Foundation Information Service also publishes American 
Foundation News, a periodical report of foundation grants and policies. 

More detailed information can be found in the reports—usually pub- 
lished annually—that most of the major foundations distribute widely to 
university and large public libraries. These reports list the grants that a 
foundation has made during the preceding year, name the recipient of 
each, give a brief description or the title of the project or study, and usually 
state the amount of money granted. The National Science Foundation pub- 
lishes a similar report, and comparable information is available from some 
of the other research-supporting agencies of the Federal Government. A 
list of studies currently being supported by a foundation can give a prospec- 
tive grantee a fairly clear idea of whether or not that foundation is likely 
to give consideration to his proposal. If a foundation changes or extends its 
area of activity, an announcement of the change can be expected in its 
annual report. 

Foundation officials are always searching for good studies to support. 
Only through their wisdom, imagination, and hard work has the business 
of giving money away become the successful and constructive affair that 
it is. Through their published reports they do their share and perhaps more 
than their share of trying to communicate with prospective grantees. .As a 

further aid to good communication, the Carnegie Corporation has under- 
written the recently established Foundation Library Center at 588 Fifth 
Avenue, New York. While the center cannot tell those in search of funds 
where to apply, it will become a major new source of information about 
foundations and their activities. The center plans to publish periodically 
a directory of foundation information. 

If a prospective grantee does not know about the sources of information, 
perhaps this editorial will be helpful. If he does know of the available 
sources, he should use them. Better than anyone else, he knows what he 
wants to do; with the information about foundations that is available to 
him, he and his research colleagues are likely to be their own best advisers 
about appropriate sources of support.—D, W. 











Before you “‘marry’’ ANY microscope... 


. check these important ‘For better or for worse” features . . 
after-day relationship will probably endure for years. . 


FOR BETTER with B&L 


Easiest to manipulate! Controls conveniently 
grouped in easy “straight-line” order . . 
hand-at-rest position. 


. relaxed 


100% illumination, whether visual, camera or 
projection. Fast interchange of binocular and 
monocular bodies—for full light transmittance. 


Most precise focus! Dynoptic ball-and-roller 
bearing design achieves—and holds—razor’s edge 
focus. 

Rigid, fixed stage. Body, not stage, is focused—no 
focus loss during specimen orientation. Free access 
to substage controls. 

Standard functional design—internationally ac- 


cepted operation for optical and mechanical effi- 
ciency. 





. bearing in mind that your day- 
. for life, if you choose Bausch & Lomb. 


Awkward crowding of focusing, stage and illumi- 
nating controls. 


Light is split between visual and accessory outlets 
—only partial light for camera or projection. 


Lost motion and inherent inaccuracy from micro- 
meter screw focusing. 


Movable stage, easily pressed or jarred out of 


focus. Lowering stage pinches fingers on control 
knobs. 


New operating habits to learn—complex designs 
require non-standard techniques. 





BAUSCH & LOMB 























Check this coupon, too, for further 
vital statistics on your lifetime com- 
panion in scientific achievement 


BAUSCH & LOMB OPTICAL CO. 
64213 St. Paul St., Rochester 2, N. Y. 


( Please send me informative data on the complete 
line of B&L Laboratory Microscopes. 


( Please arrange a demonstration at my convenience. 
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Mode of Action of Penicillin 


Biochemical Basis for the Mechanism of Action of 
Penicillin and for Its Selective Toxicity 


James T. Park and Jack L. Strominger 


In 1949, Park and Johnson (/) re- 
ported that uridine nucleotides accumu- 
lated in a Staphylococcus aureus that was 
inhibited by penicillin. Later, three pre- 
viously unknown uridine nucleotides were 
separated and identified (2). The princi- 
pal compound was uridine-5’-pyrophos- 
phate linked to an unidentified N-acetyl- 
amino sugar and a peptide composed of 
p-glutamic acid, L-lysine, and pD1-alanine 
in the ratio of 1/1/3 (Fig. 1). Several 
features of the accumulation of these 
nucleotides—the time sequence of ac- 
cumulation after addition of penicillin, 
the relationship of accumulation to the 
threshold bacteriostatic concentration of 
penicillin, and the conditions under 
which accumulation could be demon- 
strated—have suggested that this phe- 
nomenon was a very early and specific 
effect of penicillin and might be closely 
related to the point of attack of penicillin 
within the bacterial cell (2-4). Uridine 
nucleotide accumulation was also found 
in a penicillin-sensitive Lactobacillus hel- 
veticus (4, 5) and similar compounds 
have been isolated from f-hemolytic 
streptococci (6). 

The rate of accumulation of the pep- 
tide-containing uridine nucleotide in the 
presence of penicillin indicated that, if it 
were metabolized at this rate under nor- 
mal conditions, it must be used in one of 
the principal synthetic reactions of the 
cell (2-4). At that time, the new amino 
sugar and p-amino acids were not known 
to be important in bacterial metabolism, 
and the product of the hypothetical re- 











Dr. Park is a staff member of the Germ-free 
Animal Research Unit of the University of Penn- 
sylvania, which is located at the Walter Reed 
Army Institute of Research, Washington, D.C. Dr. 
Strominger is a staff member of the department 
of pharmacology, Washington University School 
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action remained obscure. However, we 
now wish to present evidence that a struc- 
ture analogous to part of the nucleotide 
is found in the cell wall of Staphyoloccus 
aureus and that the compound is presum- 
ably a biosynthetic precursor of the bac- 
terial cell wall (7). 


Nature of the Cell Wall 


In the past few years, a considerable 
amount of information concerning the 
nature of the bacterial cell wall has been 
obtained. Weibull (8) showed that, when 
a susceptible microorganism was treated 
with lysozyme in 0.2M sucrose, the lytic 
reaction was limited to removal of the 
external coat of the bacteria. The re- 
sulting spherical body, the protoplast, 
was composed of the bacterial cytoplasm 
with its limiting membrane (9). These 
observations clearly defined the cell wall 
as the rigid structure that gives shape to 
the bacterium and serves to protect the 
fragile protoplast. Cytological observa- 
tions have also clearly differentiated the 
cell wall from the cell membrane (/0), 
as well as from the extracellular capsule 
that is possessed by some microorganisms, 
and have indicated that growth of the 
cell wall during multiplication is always 
external to the cytoplasmic membrane 
(11). 

Following the development of meth- 
ods for preparing bacterial cell walls, a 
number of reports of their composition 
appeared (12, 13). Alanine, glutamic 
acid, and lysine (or, in some bacteria, di- 
aminopimelic acid instead of lysine) are 
present in high concentration in the walls 
of all the gram-positive organisms that 
have been examined. Usually these are 
the only amino acids found in high 


concentration, although staphylococcal 
walls also contain glycine and the walls 
of some lactobaciili contain aspartic acid 
in high concentration (/3). Recently, 
Snell and his coworkers (/4) have re- 
ported that a large percentage of the 
alanine and glutamic acid in the cell 
walls of Lactobacillus casei and Strepto- 
coccus faecalis is in the p-form. These re- 
sults suggest that pi-alanine, p-glutamic 
acid, and lysine (or diaminopimelic acid) 
are constituents of many bacterial cell 
walls. 

Another line of investigation pertinent 
to understanding of the structure of the 
cell wall began with the observation of 
Strange and Powell (15) that a peptide 
derived from the spores of gram-positive 
bacilli was composed of alanine, glutamic 
acid, diaminopimelic acid, and an un- 
identified amino sugar. Cummins and 
Harris (13) have found this new amino 
sugar in the cell wall of a large variety 
of gram-positive bacteria, in more than 
60 strains in all. The sugar was crystal- 
lized by Strange and Dark (16), and re- 
cently Strange (17) has proposed that its 
structure is 3-O-carboxyethyl hexosamine 
(see Fig. 1). 

These analytic data strongly suggested 
a close similarity between the structures 
of a part of the cell wall and of a part 
of the uridine nucleotide that accumu- 
lates in penicillin-treated Staphylococcus 
aureus. Careful quantitative analyses of 
the cell walls of S. aureus were therefore 
carried out (78). The results are sum- 
marized in Table 1. The ratio of the new 
amino sugar, glutamic acid, lysine, and 
alanine in the cell wall approached 
1/1/1/3, the ratio found in the nucleo- 
tide. Analysis of the optical rotation of 
the isolated alanine and glutamic acid by 
means of enzymes specific for pD- or 
L-amino acids indicated that 45 percent 
of the alanine and 92 percent of the 
glutamic acid was in the p-form, com- 
pared with previously reported values of 
52 percent and 100 percent for these 
amino acids in the nucleotide (2). 

The unique amino sugar of the cell 
wall was identical with the amino sugar 
from the nucleotide, as is indicated by 
the following criteria which clearly dis- 
tinguish it from glucosamine, galactos- 
amine, or aminoglucuronic acid (19) : (i) 
paper chromatography in three solvents; 
ii) paper electrophoresis at several pH 
values from 2 to 6 (these data indicated 
that the compound contains a dissociable 
acid group with a pK around 2.5); (iii) 
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behavior of the N-acetylated amino sugar 
in a modified Morgan and Elson reaction 
(20) in different buffers; (iv) orange- 
pink color formed in a modified Elson 
and Morgan reaction (27) with maxi- 
mum absorption at 506 millimicrons; (v) 
paper chromatography of the ninhydrin 
degradation product (22); and (vi) be- 
havior in cation-exchange chromatogra- 
phy. 

Furthermore, limited acid hydrolysis 
of the cell wall has yielded fragments 
that are very similar to fragments derived 
by similar treatment of the nucleotide 
(23). Exact comparison depends on fur- 
ther identification of these fragments. It 
may be emphasized that two of the com- 
pounds, p-alanine and 3-O-carboxyethyl 
hexosamine, have not been found else- 
where in nature and that p-glutamic acid 
is an unusual natural substance. 


Mechanism of Action 


The uniqueness of the structures in the 
wall and in the nucleotide suggests that 
they may be metabolically related. More- 
over, the striking similarity of structure, 
as well as the biological experiments, 
leads to the conclusion that the uridine 
pyrophosphate N-acetylamino sugar pep- 
tide is a biosynthetic precursor of the 
bacterial cell wall, and that the accumu- 
lation of this compound in penicillin- 
treated Staphylococcus aureus is the con- 
sequence of the interference by penicillin 
with the biosynthesis of the cell wall. 
Uridine pyrophosphate glycosyl com- 
pounds are activated intermediates in 
many biosynthetic transglycosidation re- 


Table 1. Comparison of analysis of the 
cell wall and of a uridine nucleotide that 
accumulates in penicillin-treated Staphy- 
lococcus aureus. Data are given as the 
ratio to the amount of glutamic acid. The 
cell walls were prepared by the method of 
Salton and Horne (33). After acid hy- 
drolysis, the products were separated on 
Dowex-50. The only other ninhydrin-posi- 
tive components present were glucosamine 
(ratio about 2 when corrected for loss due 
to acid hydrolysis), glycine (ratio 3.8), 
NHsz and, in the case of strain 1, a small 
amount of an unidentified substance (18). 


Uri- 





Cell walls 
, a ne 
Compound Strain Strain nucleo- 
1 2 tide 
Glutamic acid (1) (1) 1 
Lysine 0.95 1 ley 1.0 
Alanine 3.2 Bh 3.0 
3-O-Carboxyethy] 
0.23* 0.93 1.0 


hexosamine 





* The low value for the new amino sugar in this 
case was owing to destruction as a result of pro- 
longed acid hydrolysis (6N HCl at 100°C for 15 
hours). When this value was corrected by the 
amount of ammonia present, a value close to 1 
was obtained (/8). 
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Fig. 1. Proposed structure of the principal nucleotide that accumulates in penicillin- 
treated Staphylococcus aureus, In addition to the original structural determination of 
Park (2), this structure incorporates a structure proposed for the amino sugar by Strange 
(17). The sequence of amino acids in the peptide is one of the possible sequences indi- 


cated by Strominger (5, 32). 


actions, and the N-acetylamino sugar 
peptide may be considered as a nucleo- 
tidyl fragment activated for such a syn- 
thetic reaction. The transfer of this frag- 
ment from the nucleotide to some cell 
wall acceptor would be a reaction for 
which many models now exist (24). 

The exact nature of the interference 
by penicillin is a matter of speculation. 
It seems possible that penicillin is a spe- 
cific inhibitor of the transglycosidation 
reaction involving this uridine nucleotide. 

Data on the binding of penicillin by 
bacteria are consistent with this formu- 
lation. Maas and Johnson (25) and 
Cooper and Rowley (26) independently 
demonstrated that staphylococci specifi- 
cally and firmly bound about 1000 mole- 
cules of penicillin per cell (possibly a 
titration of the number of molecules of 
a specific enzyme). Cooper (27) has 
shown that the penicillin is bound to a 
lipid-containing fraction close to the cell 
wall, The binding by these lipid par- 
ticles was 7 to 12 times that of whole 
cells on a weight basis. 

From the recent report of Mitchell and 
Moyle (28) it seems clear that the par- 
ticles which bind penicillin were origi- 
nally cell membrane. Thus the hypo- 
thetical transglycosidase, were it also the 
specific binding site of penicillin, is stra- 
tegically located to transfer the N-acetyl- 
amino sugar peptide from uridine pyro- 
phosphate, which is inside the membrane, 
to an acceptor (cell-wall site) outside the 
membrane. Indeed, the cell membrane 
may well be the location of many trans- 
glycosidases that appear to participate in 
synthesis of extracellular polysaccharides 
from intracellular uridine pyrophosphate 
glycosyl compounds. 


It has been calculated (3) that if peni- 
cillin-binding inhibits the enzyme that 
normally utilizes the uridine pyrophos- 
phate derivatives, this enzyme would 
have a turnover number of about 6000. 
It can now be calculated that a staphy- 
lococcus with a generation time of 1 hour 
and 1 percent of whose weight is 3-O- 
carboxyethyl hexosamine (the situation 
with strain 2) would require 1000 
molecules of enzyme with a turnover 
number of about 6000 to incorporate the 
N-acetylamino sugar peptide into the 
wall at the observed rate. Therefore, on 
a kinetic basis, the rate of synthesis of 
uridine pyrophosphate derivatives is com- 
parable to the rate at which they would 
normally be utilized if the N-acetyl- 
amino sugar peptide is incorporated into 
the cell wall. It must be pointed out that, 
until a membrane fragment is obtained 
which will catalyze the proposed trans- 
glycosidase reaction and until it is shown 
that this reaction is sensitive to penicillin, 
interference with cell-wall synthesis by 
blockage of a single reaction is not 
proved. More complicated mechanisms 
for transfer of the N-acetylamino sugar 
peptide through the membrane and into 
the cell wall can also be visualized. For 
example, accumulation of the nucleotide 
might occur if penicillin blocked the syn- 
thesis of the acceptor site in the cell wall. 


Selective Toxicity 


The familiar effects of penicillin on 
morphology of bacteria—swelling, fila- 
mentous forms, large body formation, 
production of the penicillin-insensitive 
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-forms of bacteria, and lysis—are all ex- 
plained by the loss of the integrity of the 
cell wall that follows interruption of cell- 
wall synthesis. Simultaneously with our 
work, Lederberg has shown that Escher- 
ichia coli cells are quantitatively con- 
verted to protoplasts in the presence of 
penicillin and sucrose. The protoplasts 
reverted to bacilli after removal of peni- 
cillin, thus showing that the cells re- 
tained their full capacities. We believe 
that Lederberg has correctly interpreted 
these morphological observations as evi- 
dence that penicillin interferes with 
maintenance of the cell wall or with its 
synthesis (29). Hahn and Ciak have 
studied lysis of E. coli in the presence of 
penicillin and have also postulated that 
loss of cell-wall integrity induced by the 
drug is responsible (30). 

In our view, therefore, the selective 
toxicity of penicillin is due to its inter- 
ference in a metabolic sequence that is 
not found in animal cells, the biosynthesis 
of the cell wall. Crystal violet, another 
antibacterial substance also bound in the 
cell membrane or wall, seems to inhibit 
the same metabolic sequence, although 
at a different point (3/7). Possibly other 
antibacterial substances may owe their 
selective toxicity to interference at some 
‘point in this reaction sequence. 

It seems attractive to speculate further 


that competitive inhibitors related to the 

several unique components of the wall 

and nucleotide, and which would be use- 
ful as chemotherapeutic agents, might 
now be devised. Purification and study of 
the reactions leading to synthesis of the 
wall might also contribute greatly to this 
goal, and the availability of uridine nu- 
cleotide intermediates suggests that this 
possibility lies in the not-too-distant fu- 
ture. 
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Scientific Communications 


Should Be Improved 


Authentic, complete, prompt, and un- 
derstandable reports of scientific devel- 
opments have always been needed, and 
in the past they have always inestimably 
aided scientific achievement. The accel- 
erated pace of science today requires 
more than ever the aid of full and ac- 
curate communications among science, 
business, and the public. However, dur- 
ing the past decade some questions of 
ethics and communications have grown 
until they now threaten to hamper criti- 
cally the status of science in modern 
society. These questions demand review 
and action by the scientific community 
at large. The time is long overdue for 
all scientists to examine these questions 
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in the contexts of their own professional 
fields and to share with other scientists 
their experiences in improving scientific 
communications. 


Channels 


Information about developments on 
the scientific frontier may reach the pub- 
lic through the channels of professional 
publications, newspapers, or advertising. 
All channels of communication are ac- 
tive when technologic development has 
economic implications. “Scientific facts” 
may then be proclaimed by several par- 
ties, and the public is thoroughly con- 
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fused by sharply conflicting “scientific” 
conclusions. 

Science is represented to society not 
only by qualified impartial scientists 
guided by objective logic but also by 
specialists and former scientists whose 
scientific conscience may have been more 
or less eroded by commercial interests, 
by specialists not broadly enough trained 
to speak with adequate perspective, by 
promoters operating on the fringe of 
science with little or no concern for the 
long-range growth of science, and by out- 
right charlatans totally unqualified in 
science but yet accepted by many lay- 
men as “scientists.” Moreover, journal- 
istic practices tend to aid the spectacular 
claims more than the cautious, qualified 
reports. Demands for brevity sometimes 
cause omission of essential features even 
in valid statements and leave erroneous 
impressions. 

Several recent cases demonstrate a 
need for researchers to give special at- 
tention to examining their means of 
communication with one another and 
with the public on the results of scientific 
investigations. Conflicting reports have 
appeared, and in some cases controversy 
has raged over such subjects as battery 
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additives, lung cancer, fluoridation, cloud 
seeding, the Salk vaccine, and radiation 
danger. Press reports to the public have 
featured assertions and counterassertions. 
Research scientists cannot ignore the 
means for dissemination of their research 
results. Today, the financial support of 
research is being generously provided by 
members and leaders of society who can- 
not reasonably be expected to search the 
technical journals to learn what science 
is accomplishing. To gain public atten- 
tion for candid, understandable, - and 
prompt reports on advances in science 
and to avoid the diversion of public sup- 
port to pseudo science are among the 
problems the scientific community must 
face. 

Consider, for instance, the controver- 
sial field of cloud seeding. In the past 
decade the effort to modify the weather 
has grown from the research stage into 
a full-blown, million-dollar industry with 
a dozen companies active in the United 
States (7). At the same time, a sharp 
controversy has developed over the basis 
for evaluating and accepting the claims 
of the commercial operators. Thus, 
within the past few years we have seen 
the growth of an industry representing 
itself as “scientific” while many impar- 
tial scientists are extremely skeptical of 
the broad claims advanced or implied by 
promoters of that industry. Compressed 
within a short life-span, the field of cloud 
seeding presents an excellent case study 
involving a number of questions of sci- 
entific ethics, policy, and communica- 
tions which can arise and have arisen in 
other fields of scientific endeavor. 

In listing a number of these questions 
in subsequent sections, I have cited illus- 
trations drawn from the controversial 
field of cloud seeding, because in this 
field I have repeatedly come face to face 
with many of the potential weaknesses in 
the existing communications between sci- 
entists and the general public. Other sci- 
entists may recognize counterparts to 
these illustrations in their own fields. If 
so, the scientists confronting these spe- 
cific issues will gratefully receive the sug- 
gestions of fellow-scientists about the 
best means for handling them. Since 
others may be confronted by different 
problems in the general area of com- 
munications and policy, it is to be hoped 
that the channels of scientific publication 
will remain open to the free expression 
of the issues and the discussion of solu- 
tions to the pressing problems in the re- 
lationships between science and society. 


Evidence 


What constitutes “scientific evidence?” 
What shall scientists, by precept and ex- 
ample, use as evidence in arriving at con- 
clusions? Dismayed scientists recently 
learned that the testimonials of 45 satis- 
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fied users of a battery additive could 
help to offset research by the National 
Bureau of Standards in the deliberations 
of the Federal Trade Commission. Simi- 
larly, testimony by 92 satisfied users of a 
colorfully advertised water conditioner 
outweighed the opinions and tests of 22 
scientists (2). 

Validity of data should be a primary 
concern of everyone in this scientific age. 
Has the impact of science on society 
failed to produce a realization that un- 
qualified testimonials have no standing 
against objective tests? Has the “any- 
thing goes” practice of some advertisers 
gained ascendancy even in this “scien- 
tific age?” For example, commercial 
cloud seeders- have urged independent 
evaluators to base their conclusions at 
least partially on “going out and seeing 
the operations,’ but many evaluators 
have been reluctant to accept “data” 
that are not based on actual measure- 
ment, perhaps taking their cue from 
Kelvin. Unless -scientists insist on a 
standard of objectivity for data, the term 
scientifically proved (or disproved) can 
easily fall into public disrepute. To pre- 
vent this, science must somehow over- 
come certain commercial interests and 
enlist the aid of a press that sometimes 
is either indifferent or hostile. 


Experimentation 


What constitutes “scientific experimen- 
tation?” Well-designed experiments do 
not happen spontaneously but are the 
results of careful planning and consulta- 
tion. However, so-called “experiments” 
are often conducted for the purpose of 
obtaining visual or numerical compari- 
sons where such comparisons may not be 
valid because extraneous factors were not 
removed from the operations leading to 
the comparisons. Moreover, the experi- 
ment sometimes is valid enough but does 
not actually deal with the announced 
subject. 

For example, experiments in cold 
boxes and in the free atmosphere to alter 
clouds with Dry Ice or silver iodide are 
often mentioned in publicity about cloud 
seeding to increase rainfall. However, 
those cloud-modification experiments did 
not necessarily concern increased rain- 
fall, and adequate measurements were 
not made which would permit testing 
for increased rainfall. 


Proof 


How much proof must be offered to 
support conclusions? Scientists agree that 
conclusions must be based on a careful 
analysis of all the pertinent data. There 
can be no suppression of inconvenient 
data that contribute to statistical varia- 
tion and tend to undermine or blur the 


conclusion. Conclusions can be drawn 
most readily when observed measure- 
ments are closely correlated with the 
variable factors. In the cloud-seeding 
case, unfortunately, wide variations ap- 
pear between natural rainfall and com- 
puted amounts, even when elaborate 
multiple-regression equations employing 
numerous factors related to the amount 
of precipitation are used (3). Then the 
question arises about how far the actual 
precipitation must depart from the com- 
puted amount to justify labeling it the 
work of cloud seeding, not merely nat- 
ural, chance variation. 

Disregarding for the moment the con- 
siderations of economic speculation, what 
degree of doubt will scientists accept 
while being satisfied with a conclusion? 
This question is complicated by the fact 
that setting up too stringent a require- 
ment for proof could cause rejection of a 
valid claim, while relaxing the require- 
ments could produce acceptance of false 
claims. Because of the inherent uncertain- 
ties of historical comparisons and because 
of the meager data available for evalua- 
tion of cloud seeding, one evaluation 
group compromised between these two 
kinds of error by adopting a standard of 
acceptance so low that there was admit- 
tedly appreciable danger of declaring 
that cloud seeding had increased the rain- 
fall even it it had actually decreased the 
rainfall. Evidently the solution is to use 
designed experiments that minimize the 
sources of this error (4). The widely ad- 
vertised commercial rain-making opera- 
tions have not provided data genuinely 
satisfactory for evaluation, a point on 
which agreement was apparent in re- 
ports of the Conference on the Scien- 
tific Basis of Weather Modification Stud- 
ies at Tucson, Arizona, 10-12 April 


1956 (5). 


Publication 


What scientific work must be pub- 
lished by ethical researchers? The whole 
structure of science is based on the free 
exchange of information and not on the 
hermitlike total security of the alchemist. 
Research scientists owe other workers in 
the field publication complete enough to 
add to the scientific capital with which 
all must work. Entrepreneurs who want 
to retain trade secrets should not give 
the impression that they are speaking as 
scientists if they announce results with- 
out giving the substantial basis for their 
conclusions. 

The claims advanced by some mete- 
orologists in the cloud-seeding business, 
for instance, create the impression that 
scientists habitually announce results 
without subjecting their conclusions to 
the scrutiny of the rest of the scientific 
world. With few exceptions, the com- 
mercial cloud seeders have failed to pub- 
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lish their work in the scientific journals 
(6). Even an evaluating federal agency, 
after announcing conclusions favorable 
to some of the rain makers’ claims in 
February 1956, has failed to publish any 
technical report to explain those con- 
clusions. 

Researchers should expect to be 
judged by the promptness and complete- 
ness of their reporting. Could not scien- 
tific societies prepare and publicize can- 
did descriptions of promotional state- 
ments circulated under the label of sci- 
ence, categorizing them when appropri- 
ate as “never submitted for review by 
scientists in this field,’ “generally re- 
garded as unsupported by the scientists 
in this field,” “subject of debate and 
probably a moot question,” and so forth? 
Should not scientists in public positions 
expect to give the technical basis when 
they are announcing their conclusions 
rather than to allow lengthy delays be- 
tween the announcement of conclusions 
and the release of technical reports? 
Cannot scientists and editors generally 
encourage professional publication in 
order to offset the tendency toward pub- 
licizing unsubstantiated claims and in- 
sist that such reports reveal the evi- 
dence supporting the claims and conclu- 
sions? 


Public Release of Technical Details 


How should technical details of scien- 
tific research be described in popular re- 
leases? Understandable reports by re- 
search scientists are particularly hard for 
the public to obtain (7). Not only are 
scientists sometimes inarticulate even to 
specialists in nearby fields, but the 
Fourth Estate finds it particularly hard 
“to secure usable information. The ter- 
minology sometimes employed by scien- 
tists is obscure or actually misleading. 
“Statistically significant,” for instance, to 
a layman probably means “large,” 
whereas to the specialist it may mean 
“large enough (by some required depar- 
ture) to abandon the null hypothesis.” 

Science will not profit by permitting 
nomenclature to develop without regard 
to the impressions created. For example, 
in the use of the term statistically sig- 
nificant, some cloud-seeding evaluators 
have omitted to specify the standard of 
rarity required for “significance.” Thus, 
one agency that was using an unan- 
nounced low standard of acceptance de- 
clared that cloud seeding “significantly” 
increased rain on the same project in 
which another agency that was using a 
more severe standard of acceptance 
found no significant increase in rainfall. 
Certainly all pertinent details must be 
revealed if such reports are not to ap- 
pear contradictory. 

Scientists can make a real contribu- 
tion to the general public understanding 
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of science by adopting more specific and 
understandable language. The language 
used should be understandable at least 
to the elements of society concerned with 
making decisions on the basis of such 
reports. In this matter, we again see il- 
lustrated the need for continuing educa- 
tion in science starting in school and 
continuing through the functioning of 
communications aimed at keeping the 
public abreast of the times. In view of 
the role of science in modern life, can 
we be satisfied with the amount of at- 
tention directed to understanding the 
trends and events in science on the part 
of the lay public? 


Margin of Uncertainty 


How should scientists describe the na- 
ture of their discoveries? Scientific prog- 
ress has come from the pains-taking solu- 
tion of the small problems that are parts 
of the larger problems. Newton recog- 
nized that his accomplishments came 
from “standing on the shoulders of 
giants.” Such expressions of humility 
might be overlooked in the headlong 
rush of science toward the discoveries 
of the past 25 years, but can scientists 
really afford some of the publicity about 
their work? Scientific breakthrough is a 
phrase increasingly used in science news 
stories. Scientists will do well to remind 
all concerned that in their conclusions 
there is always a margin of uncertainty. 

Fortunately, the science of statistics 
furnishes excellent means for defining 
the area of uncertainty. That the public 
does not always hear of this uncertainty 
is illustrated by the repeated claims by 
commercial cloud seeders pointing to ex- 
traordinary increases in precipitation. 
Sometimes not even a day elapses be- 
tween the rainfall and the confident an- 
nouncement that cloud seeding produced 
more rain than would have fallen nat- 
urally (8). Drouth-breaking rains have 
been claimed by the rain makers, even 
though the available measurements are 
too meager to support the claims with 
any appreciable confidence. Some seg- 
ments of the public seem already to have 
associated the term rain maker with ex- 
aggeration and overzealous salesmanship 
involving a dubious product, as witness 
the use of the term to describe Soviet 
diplomats visiting India (9). 


Overstatement of Results 


Will overstatement of results choke off 
future development? When research 
seems to have succeeded, the drive for 
new discoveries may slacken. Having 
achieved the goal, scientists may look 
toward new challenging areas, and finan- 
cial support quite logically shifts. Re- 
ferring again to cloud seeding, large 


sums of money are being spent for oper- 
ations that are based on the assumption’ 
that various processes are actually pro- 
ducing economically important changes 
in the precipitation pattern, Cloud-seed- 
ing operations that were initiated as “ap- 
plied research” are usually proceeding 
now without any effective evaluation 
checks. Operations are conducted dog- 
matically, despite the inability of statis- 
tical analysis to attribute favorable re- 
sults to cloud seeding with any high level 
of confidence. 

Actually, the technical basis for cloud 
seeding is not at all settled. It seems 
highly probable that important discov- 
eries remain to be made in this field. The 
physical and chemical nature of effective 
seeding agents must be established defi- 
nitely. It is not even certain that flame- 
type silver iodide generators are produc- 
ing silver iodide crystals. Moreover, the 
atmospheric mixing processes should be 
investigated; there is some question 
whether the seeding agents are really 
carried rapidly enough above the freezing 
level (10). These uncertainties must be 
faced frankly, not submerged by glitter- 
ing claims of success, if progress is to be 
made. There would appear to be a point 
of broad scientific importance in this 
aspect of cloud-seeding work and pub- 
licity. 


Exploitation prior to Verification 


Can an unsettled technical process be 
exploited commercially prior to full veri- 
fication? When this type of problem 
arose during World War II, “field service 
cests” were conducted where the equip- 
ment might contribute a critical advan- 
tage, even though the equipment was 
still undergoing development. Clients 
who were unwilling to forego hail-sup- 
pression activities for the periods needed 
to establish “nonseeded” storm records 
for comparisons could now set up “hail- 
suppression proving grounds.” There the 
various claims could be examined, and 
possibly the processes could be devel- 
oped and optimized while the field oper- 
ations continued on the clients’ target 
areas. It could even be argued that the 
doctrine of caveat emptor obliges the 
client to be wary and to adopt measures 
calculated to protect his own interests. 

The scientist is, in such cases, under 
obligation to lend his support and assist- 
ance to submit to impartial tests the 
claims for new techniques whenever the 
name of science is used directly or indi- 
rectly to sell the innovation to the public. 
Failure to do this can only prejudice the 
position of science in our society. 

Unfortunately, when designed experi- 
ments are proposed aiming at creating 
the necessary observational network and 
working toward optimizing the process 
of cloud seeding, certain commercial 
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cloud-seeding meteorologists stoutly and 
openly oppose such experiments. Is not 
the individual’s scientific stature directly 
related to the alacrity with which he 


adopts such objective experimental 
methods? Perhaps the controlled experi- 
ment starting in 1957 at Santa Barbara, 
California, will establish a new pattern 
for other commercial rain-making at- 
tempts. 


Bases of Decisions 


Can sciertists assist in making de- 
cisions when “scientific proof” seems to 
be lacking? An objective criterion is 
needed for deciding whether to con- 
tinue a service like cloud seeding in the 
absence of acceptable scientific proof 
that the claims of success are valid. 
Clients are told that they cannot afford 
to omit the service because the cost is 
small compared with the claimed bene- 
fits. However, to accept all such pro- 
posals can bankrupt the client. 

Scientists who are attempting to deter- 
mine for the client whether the process 
is an acceptable business gamble would 
do well to avoid such expressions as sta- 
tistically significant and, instead, to use 
language that clearly distinguishes the 
results as an estimate of business risk 
which does not imply proof. 


Acceptance of Authentic Work 


What must scientists do to assure ac- 
ceptance of their work as authentic? 
Cultivation of ethical practices in sci- 
ence will earn public recognition and 
confidence in scientific results. The in- 
creasingly intimate relationship of many 
branches of science to society calis for 
the kind of review that produced the 
Hippocratic Oath in medicine. Clearly 
defined duties of the scientist to society 
can avert misunderstandings and increase 
society's recognition of science. Laymen 
who turn to scientists for expert advice 
on goods and services should have no 
doubts concerning the scientists’ inde- 
pendence of judgment. 

Even valid findings can be suspect if 
the scientists or individuals who are re- 
tained as scientists by the buyer should 
soon enter the services of the seller. In- 
dividuals who are accepted as scientists 
by the public can bring discredit upon 
the scientific community by such action, 
even when their individual motives are 
quite innocent. Can scientists find a way 
to avoid the misunderstandings that de- 
velop when, for instance, either scientific 
or executive personnel of an evaluation 
agency leave to engage in commercial 
rain making after the agency has pub- 
lished a controversial endorsement of 
cloud seeders’ claims? 
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Open Criticism 


Can science afford an absence of open 
criticism? Contemporary writers have 
observed a decline of criticism in litera- 
ture, and a similar euphemistic tendency 
may well be developing in science. For 
instance, critics who point to the uncer- 
tainties in the cloud-seeding claims are 
now falsely labeled as “negativists” or 
“obstructionists” and are accused of as- 
suming a “can’t do” attitude. The critics’ 
valuable role in the advance of science 
could be stifled if the scientific world 
does not rally to insist on recognition 
for those who call for scientific proof, 
not advertising claims. Being human, 
they must eventually bow, as did Galileo, 
if other scientists will not stand with 
them. 

In this regard, every scientist should 
carry the message that there are in re- 
ality the following three categories of 
individuals in any scientific controversy 
over conclusions: (i) the enthusiastic in- 
novators; (ii) those who conclude that 
the innovators are wrong; and (iii) those 
who insist on obtaining more definitive 
data before they join either of the first 
two groups. A scientific tragedy today is 
that often the third group is ignored and 
carelessly classed with the second group. 

Science cannot progress without 
searching inquiries developed by those 
who reserve judgment and will not hast- 
ily accept conclusions or dogma. Hoaxes 
like the “Piltdown man” (11) should 
stand as warnings to any who would cry 
down the independent critics. Teachers 
of science should contribute to public 
appreciation of scientific critics by em- 
phasizing with Conant that “the inno- 
vator is by no means always right” and 
should prove this to their students with 
cases “where some bold man put forth a 
new idea based on alleged facts that 
turned out to be erroneous or erroneously 


interpreted” (12). 


Public Understanding and Appreciation 


How can science gain better under- 
standing and appreciation from the pub- 
lic? This thorny problem has been faced, 
for instance, by the medical profession 
for many years. People often are willing 
to believe that a profession or an in- 
dustry has conspired to suppress truth or 
new discoveries. Such canards easily gain 
attention, but their refutation gets little 
attention or acceptance. Playing upon 
the desires and suspicions of the people 
and making a great show of zealous ef- 
fort, clever promoters today demon- 
strate the truth of Caesar’s observation 
that “in most cases men willingly believe 
what they wish” (73). 

For instance, in contract negotiations 
many of the rain makers stress the need 


of the client for water, the earnestness of 
the seeder, the size and versatility of the 
seeding organization, and the fringe serv- 
ices to be rendered. However, they have 
generally omitted the specific engineering 
details of the “experiments” to be con- 
ducted and have neglected to supply the 
valid technical reports that might be ex- 
pected from experiments. A few of them 
have diverted attention by attacking valid 
scientific research which is in progress. 

Confronted by the inability of many 
of the public to understand scientific 
method, results, and language, scientists 
could easily abandon any hope of a rap- 
prochement with society. The methods 
and facts of science have advanced so 
far as to leave some of the most learned 
and influential professions “behind the 
pace of the times” (14). This situation 
is not the fault of the scientists, but per- 
haps only they can solve it. A well-or- 
ganized, continuing effort by the scien- 
tific community as a whole could pro- 
duce a keener understanding of science, 
particularly if this effort included “prog- 
ress reports” in science and if it reached 
teachers, students, and the public gen- 
erally. 

Ultimately, the best hope is in devel- 
oping a realization that, no matter how 
great the earnestness, hope, sincerity, or 
need of the would-be innovator, discov- 
eries can occur only if they already exist 
in nature, All people should understand 
this fundamental if.they are not to be 
disappointed and bilked and in order that 
they will continuously support the me- 
thodical work aimed at satisfying human 
needs and desires. 


Conclusions 


The world of science needs more than 
ever an active conscience in ethical deal- 
ings with the public, a clear understand- 
ing of the requirements of objectivity, the 
ability understandably to articulate the 
results of scientific work, and constructive 
criticism of both innovation and dogma. 

Society today urgently needs a closer 
liaison leading to a more complete 
knowledge of the products of scientific 
work and a more general acceptance of 
the objective processes of scientific 
thought. Public leadership should foster 
a heightened appreciation of scientists 
and should not permit valid scientific 
work to be offset by promotionalism and 
unfounded charges. Scientists can in- 
form, but other elements of society must 
seek knowledge and understanding of 
trends in science, if genuine progress in 
science is to be recognized and exploited. 
The public cannot hold the legitimate 
scientist to blame after the public has 
followed the promoter who scorns the 
disciplines of science. Keeping up with 
the pace of the times is still the duty of 
all. 
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Scientific societies should foster dis- 
cussion of the means of scientific com- 
munication, develop clear codes of sci- 
entific ethics, and publicize information 
on the actual status of claims or discov- 
eries, particularly when widespread pub- 
licity is being given to unproved or false 
claims. 

Science should be interpreted to so- 
ciety generally through the use of “prog- 
ress reports” on science which are aimed 
at demonstrating the methodical proc- 
esses of research, the pitfalls and disap- 
pointments, and the philosophy of ob- 
jective reasoning. Science news consists 
as much in the processes as in the final 
results. The effort required for such in- 
terpretation is not the obligation of sci- 
entists alone, but must be augmented by 
all the means described in the preceding 
paragraphs and by better interpretations 
in the mass media. It is an encouraging 
sign that science newswriters generally 
recognize these obligations and problems. 
Closer cooperation between scientists and 
science writers would result in a better 
general public understanding of science 
and scientific evidence. 

Educators should explain the demands 
of scientific objectivity to their students. 
The mere teaching of subject content 
alone will not give assurance that the 
academically trained scientist is aware of 
the pitfalls of premature claims or the 
proper relations between science and so- 


ciety. Each future scientist should be 
taught the responsibilities of his position 
as a representative of science to society 
generally. 

Every practicing scientist should re- 
flect seriously on his own opportunities 
to assist in representing to the public the 
way in which science advances, the need 
for tests of the validity of conclusions, the 
logical processes of science, the demands 
for objectivity, the need for adequate and 
valid data, and the difference between 
claims and proved results. His own re- 
search reports should be models of objec- 
tivity and clarity. Performing this duty 
might not result in personal rewards, but 
scientists have a unique responsibility to 
see that false opinions do not eclipse the 
accurate information needed for prog- 
ress. 

Public confusion about the meaning of 
scientific work must eventually produce 
a negative reaction. Exaggeration and 
overselling in order to gain financial sup- 
port for science will ultimately stand re- 
vealed. Unless such fringe practices have 
been publicly and specifically disowned 
by legitimate scientists, the reaction may 
affect all of science; then public confi- 
dence, understanding, and support may 
vanish. In that event, the scientific com- 
munity may deeply regret having neg- 
lected to clarify the nature of science 
in the public mind. Scientific societies 
and individual scientists can lead to a 


Biochemical Mutations 


in Man and Microorganisms 


It is a well-known fact that normal 
development of mammals is possible 
without an external supply of galactose. 
Galactoside synthesis, especially of the 
complex galactosides that are constitu- 
ents of cellular structures, is an essential 
feature of normal growth and develop- 
ment. Mammals, like most organisms, are 
able to convert glucose to galactosides. 
The galactolipids, for example, which 
constitute a large bulk of the brain, are 
examples of structural galactosides that 
are deposited exclusively after birth (J). 
As will be discussed in subsequent para- 
graphs, these compounds can be synthe- 
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sized from dietary glucose as well as 
from dietary galactose. 

The dispensability of galactose raises 
the question of why lactose is ubiquitous 
in mammalian species. It is possible that 
early in their evolution mammals were 
subjected to influences that made it ad- 
vantageous for them to produce milk 
containing lactose for their progeny. The 
possible advantages of lactose in the diet 
of the progeny have not been explored. 
The influence of lactose on the bacterial 
flora of the gastrointestinal tract should 
certainly be considered, for the micro- 
organisms in the intestine play a role in 


solution by attracting more attention to 
the progress of science and by communi- 
cating with one another and with the 
rest of society in completely candid 
terms. 
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making certain vitamins availabie or un- 
available to the host. It is known that 
replacement of lactose by sucrose in the 
diet greatly increases the need of the 
host organism for vitamins such as pyri- 
doxine and riboflavin (2). 

If galactose is administered externally, 
it is largely used as a fuel through con- 
version to glucose-6-phosphate. Most mi- 
croorganisms use galactose for this pur- 
pose provided that they are able to adapt 
and that they cannot get access to glu- 
cose. Part of the administered galactose 
is used, as mentioned, for the synthesis 
of cellular galactosides. 


Complexity of Galactose Metabolism 


The activation of galactose, unlike that 
of glucose, is initiated through a direct 
phosphorylation of the reducing group, 
giving rise to a-galactose-1-phosphate 
(G-1-P) (Kosterlitz, 3). The metabolic 
mobilization of galactose, also unlike that 
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of glucose, requires an additional step be- 


yond the phosphorylation step. The 
galactose-1-phosphate formed must be 
incorporated into a specific nucleotide of 
the type first discovered by Leloir and 
his coworkers (4). This is a peculiar 
“mongrel” of a dinucleotidé in which 
5-uridylic acid is linked to the phosphate 
of either a-glucose-1-phosphate [Cori 
ester (G-1-P)] or «a-galactose-1-phos- 
phate (Gal-1-P). This mongrel nucleo- 
tide is called uridine diphosphoglucose 
(UDPG) or uridine diphosphogalactose 
(UDPGal) (35). 

The enzymatic interconversion of uri- 
dine diphosphoglucose and uridine di- 
phosphogalactose was first described in 
crude extracts of galactose-adapted yeast 
(6). The enzyme was called “galacto- 
waldenase” in accordance with the term 
galacto-walden inversion, which had been 
used for a long time in reference to the 
interconversion of galactose to glucose. 

At this point it is necessary to spend 
a few lines on terminology. The term 
galacto-walden inversion was never satis- 
factory because it implied that an “um- 
brella” type of inversion (first described 
by Walden) was operating on the rear- 
rangement of the 4-hydroxyl group of 
galactose (or glucose), but this has never 
been proved to be the case. On the con- 
trary, recent studies in our laboratory on 
highly fractionated galacto-waldenase 
from calf liver have shown an absolute 
requirement for a hydrogen-transferring 
system, namely diphosphopyridine nu- 
cleotide (7 

This observation points strongly in 
favor of an oxidation-reduction mecha- 
nism as the basis of the rearrangement 
(compare also 8). We therefore propose 
the more correct and descriptive name, 
uridine diphosphogalactose 4-epimerase, 
for the enzyme that catalyzes the inver- 
sion, to replace the old name, galacto- 
waldenase (9, 10 


Congenital Galactosemia in Man 


It is known that infants afflicted with 
the heritable human disease, congenital 
galactosemia, which deprives them of the 
ability to metabolize galactose, improve 
dramatically when they are put on a 
strict galactose-free diet (1/1). A lack of 
“galacto-waldenase” has often been cited 
as the probable biochemical lesion in 
galactosemia; especially after the obser- 
vation was made that galactose-1-phos- 
phate accumulates in the blood cells of 
galactosemic subjects (1/2). Such a bio- 
chemical lesion would, however, deprive 
the infants of the ability to make brain 
galactosides from glucose or other nu- 
trients (13) and limit them to using ad- 
ministered galactose, which is known to 
be able to serve as a source of galacto- 
lipids (14). Whether an organism with 
such a deficiency and without any ex- 
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ternal supply of galactose would undergo 
normal growth and. development is 
doubtful, An alternative would be deposi- 
tion of glucolipids instead of galacto- 
lipids in brain. Would this be compatible 
with normal brain function? 

It seems worth while to try to explore 
these problems in properly designed ani- 
mal experiments. However, this aspect 
has become irrelevant in a discussion of 
the disease congenital galactosemia, for 
it has recently been shown that the en- 
zyme block does not affect the uridine 
diphosphogalactose 4-epimerase proper 
(15) but affects another totally different 
type of enzyme. This is the enzyme that 
catalyzes the step prior to the inversion— 
that is, the incorporation of galactose-1- 
phosphate into uridine nucleotides ac- 
cording to the equation (16, 17) 


Gal-1-P + UDPG = G-1-P + UDPGal 


This enzyme, which “trades” the glucose- 
1-phosphate moiety of uridine diphospho- 
glucose for galactose-l-phosphate, can 
best be classified as a uridyl transferase 
(18, 19) in which galactose-1-phosphate 
or glucose-1-phosphate take their turn as 
nucleophilic agents for the uridyl frag- 
ment. 

Another type of uridyl transferase af- 
fecting uridine diphosphoglucose, which 
was first described in yeast that was not 
adapted to galactose, catalyzes the fol- 
lowing reaction (18, 19): 

UTP + G-1-P = UDPG + PP 

Here inorganic pyrophosphate (PP) 
takes the place of galactose-1-phosphate 
as the alternating nucleophilic reagent. 
The enzyme catalyzing this reaction be- 
longs to the class that we have called py- 
rophosphate uridyl transferases because 
inorganic pyrophosphate is involved. 
Since there are other pyrophosphate 
uridyl transferases (20), it would be best 
to name the specific catalyst of the reac- 
tion “uridine diphosphoglucose pyrophos- 
phorylase,” in line with Kornberg’s 
diphosphopyridine nucleotide pyrophos- 
phorylase (2/). 


New Terminology 


Let us summarize the pertinent points 
to recapitulate the new terminology. 

1) Galactokinase catalyzes the phos- 
phorylation of the reducing group of 
p-galactose (Gal.) 


Gal+ ATP — Gal-1-P+ADP (1) 


2) Galactose-1-phosphate uridyl trans- 
ferase catalyzes the incorporation of 
y I 
galactose-1-phosphate into a nucleotide. 


Gal-1-P + UDPG = 
G-1-P +UDPGal_ (2) 





This is the catalyst that is defective in 
congenital human galactosemia. 

3) Uridine diphosphogalactose 4-epi- 
merase, having diphosphopyridine nu- 
cleotide as coenzyme, catalyzes the epi- 
merization of the 4-hydroxyl group of 
the hexose moiety, presumably through 
an oxidation-reduction process in which 
a 4-keto sugar nucleotide (and reduced 
diphosphopyridine nucleotide) is a tran- 
sitory product. 


UDPGal = UDPG (3) 


4) Uridine diphosphoglucose pyro- 
phosphorylase catalyzes the release of 
glucose-1-phosphate from uridine diphos- 
phoglucose. 


UDPG +PP = UEP +G-1-P (4) 


However, this can also be accomplished 
in reaction 2. More important, presum- 
ably, is the reaction from right to left 
in which uridine diphosphoglucose is 
synthesized from uridine triphosphate 
(UTP) and glucose-1-phosphate (18) or 
from uridine diphosphate, adenosine tri- 
phosphate (ATP), and glucose-1-phos- 
phate (22). This is probably how the key 
substance, uridine diphosphoglucose, is 
initially formed in cellular metabolism. 


Genes and Enzyme Synthesis 


As mentioned here and in our earlier 
publications, the enzymes that catalyze 
steps 1, 3, and 4 are present in blood 
cells of galactosemic subjects as well as 
in normal cases. Only the enzyme catalyz- 
ing step 2 is defective. It should be em- 
phasized that, although we have been 
able to demonstrate this major defect of 
galactose-l-phosphate uridyl transferase 
in more than 15 cases of this disease, it 
would be premature to classify even these 
cases as necessarily belonging to a bio- 
chemically homogenous disease. This is 
well illustrated in Kurahashi’s article in 
this series (23). Kurahashi has found 
that among a number of galactose-nega- 
tive mutants of Escherichia coli, Ky, 
strain (24), four different mutants are 
lacking galactose-1-phosphate __uridyl 
transferase. Although they all show the 
same biochemical defect, Morse, Leder- 
berg, and Lederberg were able to show 
by means of their genetic techniques 
(25) that they are due to alterations in 
different, though closely located genes. 

Yanowsky (26), working on Neuro- 
spora, was able to resolve the manifesta- 
tions of such mutants by immunochemi- 
cal techniques. In this work, instances 
are described in which the enzymatic ac- 
tivity was lost but in which the antigenic 
activity—that is, the ability to bind an- 
tienzymes—was preserved. Such a study 
is planned for the bacterial mutants in 
order to show the possible existence of 
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incomplete enzymes. This study may 
provide additional information about 
gene action and protein synthesis. It is 
sufficient at present to state that at least 
four genes are needed in Escherichia coli 
in order to insure a normal functioning 
galactose-l-phosphate uridyl transferase. 
Offhand, there is certainly no reason to 
believe that man should require fewer 
genes for the same purpose. Furthermore, 
there is no reason either to believe that 
the same gene is affected in different, un- 
related families. Hence, there is obviously 
margin for biochemical variations if 
methods with finer resolutions are found. 

The immunochemical approach seems 
particularly promising, but there are 
other possibilities that can most readily 
be tried on the bacterial mutants. If, for 
instance, one of the mutants lacks the 
ability to synthesize a cofactor but can 
synthesize the protein, the biochemical 
defect would look like a lack of galac- 
tose-1-phosphate uridyl transferase if the 
standard technique was used. However, 
if extracts of this mutant were combined 
with protein-free filtrate of a normal 
strain which would supply this cofactor, 
activity might be restored. 

These considerations have direct bear- 
ings on the approach in a further study 
of human galactosemia. We had earlier 
tried such a type of extract-recombina- 
tion experiment in two galactosemic 
families, but we found no reactivation 
(17). However, for the reasons just 
stated, such reactivation attempts should 
be applied for each galactosemic family 
studied, for each family would count as 
a different case despite the seemingly 
identical enzymatic defect. 


Congenital Galactosemia, 


a General Tissue Defect 


The importance of assaying more than 
one type of cell or tissue is evident from 
the article by Anderson et al. in this 
series (27). In one case, a 24-year old 
boy with diagnosed congenital galac- 
tosemia showed a small but definite abil- 
ity to incorporate galactose-1-phosphate 
into nucleotide. This was revealed by 
assaying a microsample (biopsy) of his 
liver tissue using carbon-14-labeled ga- 
lactose. 

The rate of incorporation amounted 
roughly to about 2 to 5 percent of the 
normal activity in human liver samples 
(27). Likewise, administration of a small 
sample of carbon-14-labeled galactose in 
vivo, together with a glucuronide trap- 
ping agent (menthol), revealed that the 
same individual was able to incorporate 
a significant amount of galactose into 
menthol glucuronide (28). However, this 
incorporation was also low, amounting 
to 1 to 3 percent of normal. Red blood 
cells from the same individual did not 
show detectable amounts of activity of 
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galactose-1-phosphate uridyl transferase. 
However, the method employed here is 
not as sensitive as that using carbon-14 
labeled galactose. 

It is not inconceivable that the liver 
might have had a total defect of the 
galactose-1-phosphate uridyl transferase 
and that it had gradually developed an 
alternate adaptive and closely related 
pathway. An adaptive mechanism might 
be expected to develop more readily in 
liver cells, which are, metabolically 
speaking, more universally active than, 
for instance, the more specialized eryth- 
rocytes, Perhaps age also plays a role. A 
liver biopsy sample from an infant with 
congenital galactosemia showed no trace 
of galactose-1-phosphate uridyl transfer- 
ase (27). 

It is unlikely that inhibitors are at 
work in this disease. Mixing hemolyzed 
erythrocytes from a nongalactosemic sub- 
ject and a galactosemic patient did not 
significantly suppress the activity of the 
“normal” enzyme. Likewise, a case in 
which a galactosemic child was trans- 
fused with normal blood showed activity 
corresponding roughly to the amount of 
donor blood administered. In this case, 
the disappearance of the normal donor 
cells could be followed very well by the 
decrease in titer of galactose-1-phosphate 
uridyl transferase. It took 45 days to 
reach 50 percent of the original titer. 
This is somewhat faster than the time 
required to destroy 50 percent of a popu- 
lation of erythrocytes in vivo (29). A 
detailed study of more of such transfu- 
sion cases might throw additional light 
on the problem of the life span of eryth- 
rocytes in vivo. The possibility of anti- 
enzyme formation in such transfusion 
cases is being studied. 


Galactosemia, a Hereditary Disease 


That the defect in galactose-1-phos- 
phate uridyl transferase is full-fledged 
at birth is apparent from the fact that 
blood from the umbilical cord of a new- 
born infant (one that had galactosemic 
siblings) had no detectable amounts of 
the transferase, whereas normal cord 
blood has abundant enzyme (27). 

It might well be possible to pursue a 
study of the genetics of the disease using 
the erythrocyte enzyme assay. Prelimi- 
nary experiments showed that neither of 
the parents of galactosemic children 
showed any striking decrease in enzyme 
activity. However, a moderate lowering 
of activity might be picked up. A genetic 
study was initiated by the important ob- 
servations by Holzel and Komrower 
(30). The most pertinent fact in this 
study was that in the majority of the 
cases only one of the parents of galac- 
tosemic children showed a lowering of 
the galactose tolerance test. 

Richard Post of the Institute for 


Human Variation, Columbia University, 
has suggested to me that the inheritance 
of the disease might be based on at least 
two multiple alleles. In other words, if A 
represents the normal gene and A’ the 
state that affects galactose-1-phosphate 
metabolism, A” is a third state giving 
another type of manifestation and aggra- 
vating the defect in galactose-1-phosphate 
metabolism if it is combined with A’ 
such as A’A”’. In that event, we should 
not only look for defects of galactose-1- 
phosphate uridyl transferase in galac- 
tosemic families, but also for another 
type of metabolic pattern that hitherto 
has escaped our attention as a trait in 
this disease. 


Uridine Diphosphogalactose Pathway 
Dominating in Man 


It should not be forgotten that there 
may be pathways of galactose metabo- 
lism totally different from the afore- 
mentioned uridine diphosphogalactose 
pathway operating in the animal body. 
A direct oxidation of free galactose has 
been described to occur in certain micro- 
organisms (31). The latter mechanism 
seems, however, to be irreversible. Lac- 
tose synthesis seems also to follow dif- 
ferent pathways (32) even in the same 
species, although it is considered most 
likely at present that both of these path- 
ways operate through uridine diphospho- 
galactose. The biochemical symptoms in 
congenital galactosemia strongly indicate 
that in the growing infant the uridine di- 
phosphogalactose pathway is the major 
one in operation. 
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News of Science 


NSF Summer Institutes for 
High-School and College Teachers 


Approximately 4500 high-school and 
250 college teachers of science and 
mathematics will participate during the 
summer of 1957 in teacher-training pro- 
grams sponsored by the National Science 
Foundation at summer institutes in 95 
colleges and universities throughout the 
United States and its territories. Total 
support of the program amounts to $4.8 
million. 

Eighty-six of the institutes will be open 
only to high-school teachers of science 
or mathematics; four will be open to 
both high-school and college teachers; 
and five will be for college teachers only. 
Six institutes offering a course in radia- 
tion biology just for high-school teachers 
are being jointly sponsored by the foun- 
dation and the Atomic Energy Commis- 
sion. 

Through its widely expanded summer- 
institute program for 1957, the founda- 
tion hopes to provide opportunities for 
teachers of science to cooperate in im- 
proving the quality of their teaching and 
to learn at firsthand of recent research 
progress in their respective fields. By this 
means more students with aptitude for 
science may be motivated toward careers 
in science, mathematics, and engineering 
through improvement of the quality of 
instruction they receive in high school. 
The foundation’s program of summer in- 
stitutes was initiated experimentally in 
the summer of 1953 with two institutes 
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and the number of institutes was in- 
creased gradually to a point where the 
foundation supported 25 last summer. 

Congress this year specified that $9.5 
million of its appropriation to the foun- 
dation be used for the supplementary 
training of high-school teachers of sci- 
ence and mathematics. The summer in- 
stitutes are in addition to the 16 aca- 
demic-year institutes for which the foun- 
dation recently announced support in 
the amount of $4,065,000 and an ex- 
pected enrollment of 750 high-school 
science and mathematics tei.chers. In 
both programs, teachers will pursue a 
course of study planned especially for 
them and conducted by leaders noted 
not only for competence in their fields 
but for skill in presentation. 

The foundation grants to each summer 
institute will cover costs of tuition and 
other fees for a specified number of 
teachers—from 10 to 200, the average 
number to be approximately 50. Most 
institutes will pay stipends directly to 
participating teachers at the rate of $75 
per week. Additional allowances and 
travel grants for dependents, to a maxi- 
mum of four, are provided. 

Inquiries and applications should be 
addressed to the director of summer in- 
stitutes at one of the colleges listed here. 
Applications for the summer institute 
program must be submitted by 7 Apr. 
1937. 

For high-school teachers. Allegheny 
College, American University, Arizona 
State College, Atlanta University, Bay- 
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State College, Kansas State Teachers 
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Michigan State University, Morgan State 
College (Baltimore, Md.), Murray State 
College (Murray, Ky.), North Carolina 
College, Oak Ridge Institute of Nuclear 
Physics, Ohio University (Athens), Ohio 
Wesleyan University, Oklahoma Agricul- 
tural and Mechanical College, Rensse- 
laer Polytechnic Institute, San Jose State 
College, South Dakota State College, 
Southern Methodist University, Stephen 
F. Austin State College (Nacogdoches, 
Tex.), Syracuse University, University 
of Alabama, University of Alaska, Uni- 
versity of Arizona, University of Arkan- 
sas, University of California (Berkeley 
and Los Angeles), University of Hawaii, 
University of Idaho, University of Mary- 
land, University of Minnesota (Duluth 
and Minneapolis), University of Missis- 
sippi, University of Missouri, University 
of North Carolina, University of North 
Dakota, University of Oklahoma, Uni- 
versity of Pennsylvania, University of 
South Dakota, University of Texas, Uni- 
versity of Wyoming, Virginia Polytechnic 
Institute, Wesleyan University, and 
Western Michigan College. 

Biology only. Howard University, In- 
diana University, Iowa State Teachers 
College, Purdue University, and Rutgers 
University. 

Radiation biology. (sponsored jointly 
with Atomic Energy Commission). Duke 
University, Harvard University, Univer- 
sity of California (Los Angeles), Univer- 
sity of New Mexico, University of Ten- 
nessee, and Wayne University. 

Chemistry only. New Mexico High- 
lands University (Las Vegas), St. Louis 
University, Tufts University, Tuskegee 
Institute, University of California (Berke- 
ley), University of New Hampshire, 
University of Rochester, University of 
Wisconsin, and Utah State Agricultural 
College. 
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Earth sciences only. Cornell Univer- 
sity. 

Mathematics only. Columbia Univer- 
sity Teachers College, Indiana Univer- 
sity, Miami University, Montana State 
College, Polytechnic Institute of Puerto 
Rico (San German, P.R.), State Teach- 
ers College (Oneonta, N.Y.; junior high- 
school teachers), State University of 
Iowa, University of Buffalo, University 
of Chicago, University.of Colorado, Uni- 
versity of Massachusetts, University of 
Notre Dame, and University of Wyo- 
ming. 

Physics only. University of Vermont 
and Worcester Polytechnic Institute. 

For high-school and college teachers. 
Claremont College, Montana State Col- 
lege, University of Washington, and Uni- 
versity of Kansas. 

For college teachers only. University 
of Oregon, Cornell University, Univer- 
sity of North Carolina, University of 
Illinois (Urbana), and University of 
Colorado. 


Orbit Computation 


The establishment of two major pro- 
‘grams for analyzing data and computing 
the orbit of the IGY earth satellite has 
been announced by Joseph Kaplan, 
chairman of the United States National 
Committee for the International Geo- 
physical Year. The first program calls 
for the establishment by the Naval Re- 
search Laboratory of a computing and 
analysis center in Washington, D.C., to 
handle information provided by the radio 
tracking system. The second program 
calls for the establishment of a similar 
computing center by the Smithsonian 
Astrophysical Observatory at Cambridge, 
Mass., for data received from the optical 
and visual observation programs. 

The problem of analyzing data and 
computing the orbit will have three as- 
pects. The first will be gathering data on 
the satellite’s motion during its first few 
revolutions and feeding these data into 
high-speed electronic computers. The re- 
sults will establish an approximate satel- 
lite orbit, permitting observers through- 
out the world to train their instruments 
on the satellite, and also permitting the 
precision Schmidt cameras to make pho- 
tographic measurements of the satellite’s 
position. The second aspect will be to 
process the extensive subsequent data in 
order to compute the orbit accurately. 
The third aspect involves the analysis of 
the precise orbit data. Such analysis will 
yield important scientific information in 
a number of areas: the density of the up- 
per atmosphere, possible calculations of 
the mass-distribution and shape of the 
earth through analyses of orbit perturba- 
tions, and geodetic determinations. 

All three aspects of the problem re- 
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quire the use of high-speed electronic 
computers. In the acquisition period, 
speed is a very important factor if the 
further precise observations and deter- 
minations are to be undertaken promptly. 
In the precise orbit computation and 
data-analysis periods, large quantities of 
data requiring complicated, lengthy cal- 
culations are generated, requiring high- 
speed computing centers. 

The Naval Research Laboratory has 
responsibility for the radio tracking pro- 
gram under the direction of John P. 
Hagen. The radio tracking system, called 
Minitrack, consists of a transmitter in the 
satellite issuing a 20 to 50 milliwatt sig- 
nal at a frequency of 108 megacycles per 
second and a series of ground-station re- 
ceivers using precision, multiple antenna 
arrays and extensive electronic installa- 
tions. The expected precision of observa- 
tions is about 3 minutes of arc under nor- 
mal conditions, with improvement to a 
precision of 20 seconds of arc for obser- 
vations at small zenith angles or for 
nighttime operation. A chain of ten sta- 
tions, running principally north and 
south, is to be established. Present plans 
call for the following sites: Santiago 
and Antofagasta, Chile; Lima, Peru; 
Quito, Ecuador; Australia; Antigua, 
British West Indies; Havana, Cuba; Fort 
Stewart, Ga.; Washington, D.C.; and 
San Diego, Calif. 

Data from these Minitrack stations 
and from others the U.S. National Com- 
mittee for the IGY hopes other countries 
will establish, will be radioed to the 
Naval Research Laboratory computation 
center in Washington, D.C. 

The Smithsonian Astrophysical Ob- 
servatory has responsibility for the op- 
tical and visual observation programs 
under the direction of Fred L. Whipple. 
The most precise optical observations 
will be made using a modified Schmidt 
camera developed at the Smithsonian 
Astrophysical Observatory. Continuous 
strip film will simplify the problem asso- 
ciated with following the satellite. To 
provide accurate time, crystal clocks cali- 
brated against station WWV will give a 
signal for photography simultaneous with 
the passage of the satellite and will pro- 
vide a timing accuracy of one 0.001 sec- 
ond. Before the Schmidt cameras can be 
employed, however, the path of the satel- 
lite must be known to a precision of about 
3 degrees. The radio system will provide 
this information, but to provide for the 
chance of radio failure in the satellite, a 
network of organized volunteer observers 
will be used. These teams will be sta- 
tioned throughout the world in the satel- 
lite’s latitude band width and will main- 
tain a steady watch on the satellite. 

The Schmidt precision camera pro- 
gram envisages the establishment of at 
least 12 stations around the world. Pres- 
ent plans call for the following sites: 


New Mexico, Florida, Spain, South Af- 
rica, Japan, Hawaii, Netherlands Antil- 
les, Australia, and Argentina. Other sites 
in South America and in the Middle East 
are also under consideration. Data from 
these visual and optical-photographic 
programs will be relayed to the Smith- 
sonian Astrophysical Observatory com- 
putation center at Cambridge, Mass., for 
analysis. 


AAAS Resolution on Hungary 


The AAAS Council adopted the fol- 
lowing resolution concerning refugee 
Hungarian scientists when it met in New 
York on 30 Dec. 1956. 

“Be it resolved that the American As- 
sociation for the Advancement of Sci- 
ence join with the National Academy of 
Sciences—National Research Council in 
the expression of admiration and sym- 
pathy for fellow-scientists in Hungary. 
Be it further resolved that the facilities 
of the AAAS and its affiliated societies 
be employed to aid in the placement of 
refugee Hungarian scientific and techni- 
cal personnel and to render such other 
assistance as may be appropriate.” 


British Physicians 
Demand Pay Increase 


British physicians mobilized last month 
to press for higher pay in the National 
Health Service. For more than a year 
the Ministry of Health has rejected their 
demands. 

About 35,000 general practitioners, 
hospital staff physicians, and consultants 
have asked for a 24 percent increase. At 
present the average practitioner receives 
the equivalent of $6250 a year, and a 
consultant about $10,000. This rate of 
income, based on the number of patients 
registered with a doctor, has not changed 
since 1952. The physicians have indi- 
cated that they may withdraw from the 
National Health Service, which was set 
up 8 years ago. 


Cinematic Electron Diffraction 


It is well known that a powder irradi- 
ated either by x-rays or by electrons will 
produce cones of diffracted radiations 
which, intersected by a photographic 
plate, appear as rings corresponding to 
the various planes that are reflecting the 
electrons or the x-rays in the crystal. Be- 
cause of this circular symmetry it is pos- 
sible to use a slit that effectively cuts out 
just one diameter in the diffraction rings. 
By evaluating the intensities of the vari- 
ous reflections across this diameter, it is 
possible to determine the structure. 

Boettcher first pointed out that if the 
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photographic plate is moved normally to 
the slit, then the undiffracted primary 
beam is marked as a sharp dark line, and 
the diffracted beams appear on both sides 
of this line. This permits the investiga- 
tion of the diffraction pattern as a func- 
tion of time. If oxidation, for instance, 
or a change in structure due to tempera- 
ture changes or other changes in the ma- 
terial takes place, this can be made visible 
at once. 

This method, which was first described 
by Boettcher, is now described in detail 
by R. Thun, [Umschau 56, 660 (1 Nov. 
1956); 56, 688 (15 Nov. 1956)]. As an 
example, the behavior of a cobalt layer 
which has been evaporated is studied as 
a function of temperature; as the tem- 
perature is increased it shows first a 
strongly disturbed lattice, then an un- 
stable intermediate state, the beginning 
of the hexagonal phase, and finally the 
beginning of the cubic phase. 

By evaporating a layer of copper and 
antimony it is possible to follow as a 
function of temperature and time the 
transformation of the superposition of 
the copper and antimony lattice into a 
lattice of Cu,Sb. In a similar way, by 
using a magnesium layer it is possible to 
investigate the changes which take place 
under oxidation and which show first 
only the reflections of magnesium and 
then the reflections due to the newly de- 
veloped magnesium oxide lattice. This 
method, therefore, while extremely sim- 
ple, has great possibilities for the practic- 
ing metallurgist—K. L.-H. 


News Briefs 


™ The United Kingdom now expects to 
produce more than twice as much elec- 
tricity from nuclear reactors by 1965 as 
was estimated prior to the starting of the 
first reactor at Calder Hall. The greater 
part of the gain in output is expected to 
be derived from improvements in the de- 
sign of reactors of the gas-cooled, graph- 
ite-moderated type such as that at Calder 
Hall. The Central Electric Authority is 
reported to be considering further in- 
crease by building 15 new nuclear power 
stations instead of 12 as _ originally 
planned. The twelve stations planned at 
first were expected to have an output of 
1.5 to 2 million kilowatts; design im- 
provements lead to estimates of 3 to 4 
million kilowatts. 


® Exploration for uranium in Mexico will 
get under way in 1957 under the auspices 
of the Mexican Government, according 
to the National Nuclear Energy Com- 
mission. The search will be under the 
direction of government geologists who 
have studied uranium mining techniques 
in Colorado and Europe. It will begin 
in the northwestern state of Chihuahua 
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and in the southern state of Oaxaca, 
where radioactive rocks have previously 
been noted. 

Whether a commercial concentration 
of uranium exists is not yet known, but 
the potential participation of foreign 
capital already is a big issue. A law re- 
serving all uranium found in Mexico for 
national ownership has been passed. 
However, the National Nuclear Energy 
Commission is studying the possible use 
of private capital, and presumably for- 
eign capital, under government contracts. 


®™ According to a press report, Nikolai 
Semyonov, director of the Institute of 
Chemistry of the Soviet Academy of 
Science, and Nobel laureate in chemistry 
jointly with Sir Cyril Hinshelwood, 
stated, when he was in Stockholm to re- 
ceive the Nobel prize, that the death of 
Stalin had meant the liberation of Soviet 
science. He further said that Soviet sci- 
entists were no longer compelled to fol- 
low a dogmatic line. 


Scientists in the News 


The semimonthly journal Modern 
Medicine has announced its 1957 awards 
for distinguished achievement. The 10 
American physicians and research scien- 
tists honored are as follows: 

JEROME W. CONN, professor of in- 
ternal medicine and director of endo- 
crinology and metabolism, University of 
Michigan Medical School, for “further- 
ing the knowledge of endocrinology and 
elucidating the clinical significance of 
aldosterone in health and disease.” 

MICHAEL E. DEBAKEY, Judson L. 
Taylor professor of surgery and chair- 
man of the surgery department, Baylor 
University College of Medicine, for 
“making aortic resection a safe procedure 
and for his work on replacement of vas- 
cular defects with homografts and plas- 
tic bridges.” 

VINCENT pu VIGNEAUD, profes- 
sor and head of biochemistry, Cornell 
University Medical College, for “con- 
tinuous and brilliant studies of the struc- 
ture of biologically active sulfur-bearing 
organic compounds and for his synthesis 
of oxytocin.” 

JULIUS LEMPERT, surgical direc- 
tor of Lempert Institute of Otology in 
New York, research professor of otology 
at Tufts College Medical School, and 
visiting lecturer in otolaryngology at the 
University of Pennsylvania Graduate 
School of Medicine, for “clinical investi- 
gations leading to relief of deafness and 
to the advancement of otology.” 

CHARLES W. MAYO, head of a sec- 
tion of surgery in the Mayo Clinic and 
professor of surgery at the University of 
Minnesota Mayo Foundation Graduate 
School, for “service to Medicine and 


mankind through leadership and dis- 
tinguished statesmanship in the councils 
of the United Nations.” 

EDWIN E. OSGOOD, professor of 
medicine and head of the division of 
experimental medicine, University of 
Oregon Medical School, for “outstanding 
achievements in hematology and for ex- 
cellent work in the use of radiophos- 
phorus in the treatment of leukemia.” 

TOM D. SPIES, professor of nutri- 
tion and metabolism and chairman of 
the department, Northwestern Univer- 
sity Medical School, for “pioneering in 
the management of deficiency diseases 
and for his untiring investigations in the 
wide field of clinical nutrition.” 

BENJAMIN SPOCK, professor of 
child development, Western Reserve 
University, for “inspiration and aid he 
has given to the mothers of America in 
developing and expounding a sensible ap- 
proach to child development and child 
psychology.” 

EUGENE A. STEAD, Jr., professor of 
medicine at Duke University School of 
Medicine, for “distinction as a stimulat- 
ing teacher and as an investigator of the 
mechanisms of heart failure and of water 
and salt balance.” 

DONALD D. VAN SLYKE, research 
chemist with Brookhaven National Labo- 
ratory, Upton, N.Y., for “creation of 
methods of chemical analysis in the serv- 
ice of medicine and for the profound in- 
fluence his work has had on diagnosis 
and treatment.” 


JOHN von NEUMANN has received 
the American Meteorological Society’s 
award for extraordinary scientific accom- 
plishment. He was honored “for his far- 
sighted contribution to the science of 
meteorology and the national interests in 
developing the modern, high-speed elec- 
tronic computer with meteorological ap- 
plication as an ultimate aim, and for his 
support and encouragement in organizing 
the world’s first research group in nu- 
merical weather prediction.” 


THORNDIKE SAVILLE, dean of 
the College of Engineering at New York 
University, will retire at the beginning 
of the autumn term in 1957. Saville be- 
came professor of hydraulic and sanitary 
engineering at N.Y.U. in 1932 and was 
made dean in 1935. After retirement he 
plans to act as a consultant in hydrology 
and coastal engineering. 


ERNEST OPIK of Armagh Observa- 
tory, Armagh, Northern Ireland, has an 
appointment as visiting research profes- 
sor in the physics department at the Uni- 
versity of Maryland for the academic 
year 1956-57. HIROOMI UMEZAWA 
of the University of Tokyo is serving as 
visiting lecturer in the same department 
through the first 3 months of 1957. 
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CHARLES KITTEL, professor of 
physics at the University of California, 
Berkeley, has been awarded this year’s 
$1000 Oliver Buckley solid-state physics 
prize for his applications of magnetic 
resonance methods to investigations of 
the electronic solids. The award, which is 
administered by the American Physical 
Society, was established by the Bell Tele- 
phone Laboratories in honor of one of its 
last presidents. 


ALWIN M. PAPPENHEIMER, Jr., 
who has been on the staff of New York 
University College of Medicine since 
1941, has been appointed professor and 
chairman of the department of micro- 
biology of that institution. He succeeds 
COLIN M. MacLEOD, who has become 
John Herr Musser professor of research 
medicine and chairman of the depart- 
ment of research medicine at the Uni- 
versity of Pennsylvania School of Medi- 
cine. 


ALLAN B. GRUNDEN, Jr., of Mont- 
clair, N.J., has been appointed editor-in- 
chief of the Journal of Astronautics, offi- 
cial organ of the American Astronautical 
Society, 516 Fifth Ave., New York 36, 
N.Y. 


GREGORIO OCLANDER, a pedia- 
trician, has joined the medical research 
cooperation division of Eli Lilly and 
Company. He will participate in Lilly’s 
export program related to the areas of 
pediatric medicine, vitamins, and nutri- 
tional factors; he also will contribute to 
Lilly’s Latin American publications. A 
native of Argentina, Oclander was head 
of pediatrics and subdirector of Moron’s 

_ Hospital in Buenos Aires before coming 
to the United States in 1953. 


EVELYN L. OGINSKY, formerly re- 
search associate at the Merck Institute 
for Therapeutic Research, Rahway, N.J., 
has joined the University of Oregon’s 
Medical School as associate professor of 
bacteriology. 


Recent Deaths 


EDWIN P. ADAMS, Walpole, Mass.; 
78; emeritus professor and former chair- 
man of the physics department at Prince- 
ton University; 31 Dec. 

OLIVER L. DAVIS, Morristown, 
N.J.; 60; retired chemist; 27 Dec. 

ROBERT ELMAN, St. Louis, Mo.; 
57; professor of clinical surgery at Wash- 
ington University; 23 Dec. 

HENRY V. B. ERBEN, Schenectady, 
N.Y.; 58; retired executive vice president 
of the General Electric Company; 26 
Dec. 

FRED S. FRANKFURTER, White 
Plains, N.Y.; 76; retired pharmacist and 
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trustee emeritus of the College of Phar- 
macy of Columbia University; 1 Jan. 

WILLIAM B. GERY, Norwalk, 
Conn.; 60; technical director of the Dorr- 
Oliver Company; 1 Jau. 

GWENDOLEN 5S. JONES, New 
York, N.Y.; 53; instructor in medicine at 
Columbia University; 30 Dec. 

ROY L. LANGDON, Philadelphia, 
Pa.; 64; associate professor of medicine 
at Temple University; 22 Dec. 

EDWIN F. LOWRY, Danvers, Mass.; 
65; manager of the research engineering 
laboratories of the lighting division of 
Sylvania Electric Products; 2 Jan. 

WILLIAM B. MELDRUM, Haver- 
ford, Pa.; 69; professor emeritus of chem- 
istry and former chairman of the depart- 
ment at Haverford College; 31 Dec. 

RANDOLPH G. PACK, Greenwich, 
Conn.; 66; forest conservationist and 
president of the Charles Lathrop Pack 
Forestry Foundation; 25 Dec. 

ARTHUR PARRETT, New York, 
N.Y.; 60; vice president and director of 
research for Rayonier, Inc.; 28 Dec. 

SAMUEL SHIENERNAN-SHARON, 
New York, N.Y.; 58; vice president of 
the Ions Exchange and Chemical Corpo- 
ration of New York; 31 Dec. 

JOZSEF VARGA, Budapest, Hun- 
gary; 66; professor of technical sciences 
in the Universities of Budapest and Vesz- 
prem; announced in Budapest on 29 Dec. 


Education 


=A course of study to train science and 
fiscal writers is now under consideration 
at the Columbia University Graduate 
School of Journalism, according to Ed- 
ward W. Barrett. Adding a second year 
to the curriculum, the course would be 
designed for the writer “who has already 
moved along in his profession” and 
would help meet the present “severe 
shortage” of newspapermen qualified to 
write on science, business, and finance. 
Some provision for financial assistance 
to students would be made. 

Students would be protected from aim- 
less sampling, Barrett said. “Rather, un- 
der the guidance of a senior scholar and 
a mature journalist, each would be as- 
sisted in applying himself to a single 
field, doing so in a journalistic context, 
and producing finally a work of jour- 
nalistic merit—be it a major magazine 
article, a script for a television series, 
or a small book. 

Also under consideration is a course 
designed to introduce the principles of 
journalism and the American way of life 
to foreign newspaper students who ex- 
pect to return abroad, Barrett added. 
At present, few foreigners attend the 
School of Journalism because the cur- 
riculum heavily emphasizes English-lan- 
guage writing. “The proposed curricu- 


lum would involve some courses taken 
jointly with American students, plus 
studies in American civilization, econ- 
omy and the ethics and principles of 
free journalism,” Barrett said. 


# A research training program to increase 
scientific manpower for clinical and non- 
clinical cancer research has been estab- 
lished by the National Cancer Institute, 
Bethesda, Md., with $1.2 million appro- 
priated for the program by Congress. The 
first group of grants, amounting to $819,- 
067, will be awarded to 14 institutions 
whose applications were recommended 
by the National Advisory Cancer Coun- 
cil. 

The program extends and supplements 
but does not replace the research train- 
ing opportunities available through regu- 
lar research fellowships and through em- 
ployment on research projects. Under 
the new program the institutions receiv- 
ing funds select and appoint the individ- 
uals to be trained and determine the sti- 
pends they are to be paid. 

Slightly more than half of the $1.2 
million was appropriated especially for 
training in fields of chemotherapy and 
steroid hormones. The research fields 
represented by the current awards are 
cancer chemotherapy, steroid biochem- 
istry, research medicine, pharmacology, 
biochemistry, immunology, research surg- 
ery, histochemistry, electron microscopy, 
genetics, cytology, radiobiology, and can- 
cer biology. 

The following grants for training in 
chemotherapy and steroid horomones 
were announced: University of Utah, 
$74,145; Clark University, $97,761; 
Columbia University, $52,812; Yale Uni- 
versity, $37,800; Sloan-Kettering Insti- 
tute for Cancer Research, $100,000; Ros- 
well Park Memorial Institute, $32,616. 

Other research training grants have 
been awarded to: University of Wiscon- 
sin, $45,792; University of Minnesota, 
two grants of $50,000 each; University of 
Kansas, $38,802; Brown University, $52,- 
380; Stanford University, $50,000; Wash- 
ington University, $11,577; Roscoe B. 
Jackson Memorial Laboratory, $75,000; 
Massachusetts General Hospital, $50,382. 
Requests for information concerning this 
program should be addressed to the Re- 
search Grants and Fellowships Branch, 
National Cancer Institute, Bethesda 14, 
Md. 


"The University of Michigan has tenta- 
tively accepted gifts of 210 acres and $6.5 
million from the Ford Motor Company 
and the Ford Motor Company Fund to 
be used in establishing a Dearborn Cen- 
ter of the university, which has a pro- 
jected enrollment of more than 2700 
students. Acceptance depends on appro- 
priation by the state legislature of the 
necessary operating funds. The combined 
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gifts are the largest ever made by a com- 
pany and its charitable fund to an edu- 
cational institution. The land offered in- 
cludes Fair Lane, the former estate of 
Henry Ford; the $6.5 million will pay 
for buildings. The Dearborn Center 
would provide the university with a 
major opportunity to develop an educa- 
tional system that combines classroom 
and shop instruction with practical work 
in industry. In addition to both under- 
graduate and graduate engineering and 
business administration courses, the cen- 
ter would offer junior and senior pro- 
grams in liberal arts and sciences. No 
student housing is planned at present, 
since it is expected that most of the stu- 
dents will live within commuting dis- 
tance. 


"The Rehabilitation Center of the Hos- 
pital of the University of Pennsylvania is 
to be enlarged and remodeled to increase 
its services to disabled and physically 
handicapped persons and its facilities for 
teaching and research in rehabilitation. 
This construction program will double 
the center’s present floor space. Work 
will start immediately and probably be 
completed in 8 months. 

Cost of the project will approximate 
$450,000. Of this sum, two-thirds was 
contributed by individuals and organiza- 
tions interested in rehabilitation, and 
one-third was obtained from Federal 
sources under the Hill-Burton Act, 
through approval by the Commonwealth 
of Pennsylvania hospital construction au- 
thority. Hill-Burton funds must be 
matched two-for-one by the grant re- 
cipient. 

The center will be named in honor of 
George Morris Piersol, dean of the 
Graduate School of Medicine and pro- 
fessor emeritus of physical medicine and 
rehabilitation. This medical specialty has 
been Piersol’s interest for many years. He 
was the first chairman of the university’s 
Rehabilitation Commission. 


Grants, Fellowships, and Awards 


"The National Council to Combat 
Blindness, Inc., in accordance with its 
program concerned with the financing of 
research in ophthalmology and the re- 
lated sciences, has announced that ap- 
plications for its 1957-58 Fight for Sight 
grant-in-aid and fellowship awards will 
be considered at the eighth annual meet- 
ing of the organization’s Scientific Ad- 
visory Committee that is to be held in the 
spring. The closing date for receipt of 
completed applications for grant-in-aid 
and fellowship awards is 15 Apr. Ap- 
plications for summer-student fellow- 
ships will be reviewed in advance of the 
meeting, and such applications should 
be filed with the office of the organiza- 
tion no later than ] Apr. 
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All applicants are required to make 
their own arrangements for suitable re- 
search facilities with accredited institu- 
tions. Appropriate application forms may 
be obtained by addressing: Secretary, 
National Council to Combat Blindness, 
Inc., 30 Central Park South, New York 
19, N.Y. 


= The U.S. Public Health Service has 
announced approval of 73 grants, totaling 
$24,460,467, to help institutions in 24 
States and the District of Columbia build 
additional health research facilities. The 
awards were approved by the Surgeon 
General upon recommendation of the 
National Advisory Council on Health 
Research Facilities. 

The new grants are the second group 
of awards under a new program enacted 
by the Congress late in its last session. 
The legislation authorized distribution of 
$30 million a year for 3 years; it also 
established the Health Research Facili- 
ties Council. At its first meeting in Sep- 
tember the council recommended seven 
grants totalling $765,159. The next meet- 
ing of the council is scheduled for March 
at the National Institutes of Health in 
Bethesda, Md., when grant applications 
will again be reviewed. 


™ The Albert and Mary Lasker Founda- 
tion, Chrysler Building, New York 17, 
N.Y., has announced the opening of the 
eighth annual Albert Lasker medical 
journalism awards competition. The 
awards will be presented to the news- 
paper writer and magazine writer who 
have written during 1956 the best arti- 
cles, series of articles, editorials, or col- 
umns dealing with the improvement of 
public health or the prolongation of life 
through medical research or public health 
programs. A radio-television award will 
be presented to the best program or series 
of programs in this field broadcast over 
a station or network during 1956. The 
deadline for entries will be J] Feb. 

Inaugurated in 1949, the three awards 
have been increased this year from $1000 
to $2000 each. Included with each award 
is a citation and a silver statuette of the 
Winged Victory of Samothrace, sym- 
bolizing victory over death and disease. 

A committee of journalists, laymen, 
and physicians will act as judges. Arti- 
cles and scripts will be rated on the basis 
of accuracy, significance, timeliness and 
proficiency in the translation of technical 
information into lay language, and skill 
in arousing and holding the average per- 
son’s interest. The foundation seeks espe- 
cially to recognize journalism that con- 
tributes to a better public understanding 
of medical research and health programs 
relating to the diseases that are major 
causes of death or disability—especially 
heart diseases, cancer, mental illnesses, 
arthritis, blindness, and neurological dis- 
eases. 


Miscellaneous 


"A progress review of the U.S. Geologi- 
cal Survey’s investigation of radioactive 
deposits in the United States and Alaska 
between 1 June and 30 Nov. 1955 has 
just been made available through the Oj- 
fice of Technical Services, U.S. Depart- 
ment of Commerce. Reports in the 340- 
page volume reflect emphasis by the Ge- 
ological Survey on the understanding of 
geologic conditions favorable for concen- 
tration of uranium, rather than on the 
search for specific minable deposits. This 
semiannual report, TEI-590 Geologic 
Investigations of Radioactive Deposits, 
U.S. Department of the Interior Ge- 
ological Survey for the U.S. Atomic En- 
ergy Commission, Dec. 1955, may be 
ordered from OTS, U.S. Department of 
Commerce, Washington 25. 


= The Thomas Alva Edison Foundation, 
Inc., presented its second annual Na- 
tional Mass Media awards last month. 
Among those of special interest to sci- 
entists were the following: to the movie 
On the Threshold of Space (Twentieth 
Century Fox) as “the best science film 
for youth” for 1956; to Adventures in 
Science (CBS) as “the best radio pro- 
gram for youth” for 1956. 

A special citation of merit was made 
to New York City’s municipal broadcast- 
ing station, WNYC, for its first annual 
“Science Seminar,” which carried more 
than 30 talks on the general subject of 
“The growing shortage of scientists and 
engineers.” Among the titles were: “An 
inventor looks at education,” “Toward 
peaceful uses of the atom,” and “En- 
couraging scientific talent.” 


= A new quarterly journal, the JBM Jour- 
nal of Research and Development, is be- 
ing published quarterly by the Interna- 
tional Business Machines Corporation, 
590 Madison Ave., New York 22, N.Y. 
The first issue was released on 1 Jan. 
Purposes of the journal are to publish 
original work by IBM scientists and en- 
gineers for the largest possible audience 
of interested technical people, and to 
help promote more rapid dissemination 
of scientific and technical information 
within American industry and through- 
out the world. 

The new magazine will publish com- 
prehensive articles on the latest scientific 
and technical results from IBM research 
and development laboratories here and 
abroad. Articles will come from fields as 
varied as solid-state physics, chemistry, 
metallurgy, information theory, and elec- 
tronics. Other articles will treat the lat- 
est developments in computers, data- 
processing machines, and design of 
components such as magnetic core mem- 
ories and semiconductor devices. The 
journal is available by subscription at 
a cost of $3.50 per year. 
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Defect in Uptake of Galactose-1- 
Phosphate into Liver Nucleotides 
in Congenital Galactosemia 


As stated previously (1), a-galactose- 
1-phosphate (Gal-1-P) (2) is incorpo- 
rated into uridine nucleotides through 
the reaction (step 2, 1) 


Gal-1-P + UDPG = G-1-P + UDPGal 


The enzyme that catalyzes this reaction 
is called galactose-l-phosphate uridyl 
transferase. The subsequent reaction 


(step 3, 1) 
UDPGal = UDPG 


is catalyzed by an enzyme that is now 
called uridine diphosphogalactose 4-epi- 


merase (J). Finally, the reaction (step 
4, 1) 


UDPG + PP = UTP +G-1-P 


is catalyzed by the enzyme uridine di- 
phosphoglucose pyrophosphorylase. 

It was recently reported (3-5) that 
lysed erythrocytes from subjects afflicted 
with congenital galactosemia show a 
striking defect in galactose-1-phosphate 
uridyl transferase (the enzyme of step 2, 
1), Since the liver is the organ of the 
body which carries the major burden of 
- galactose metabolism, it was considered 
of special interest to study some of the 
afore-mentioned enzymes in this tissue, 
particularly to see whether the liver tis- 
sue of galactosemic subjects showed the 
same defect in galactose-1-phosphate 
uridyl transferase. 

The assay to be used for fresh homog- 
enates of liver had to be modified sig- 
nificantly from that used for blood (4), 
for neither of the reaction products 
formed by step 2 could be assayed enzy- 
matically in the liver preparations. The 
most important reaction product, uridine 
diphosphogalactose (UDPGal), is im- 
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mediately converted to uridine di- 
phosphoglucose (UDPG) because liver 
contains large amounts of uridine diphos- 
phogalactose 4-epimerase and its cofac- 
tor, diphosphopyridine nucleotide (6). 
Moreover, although 4-glucose-1-phos- 
phate (G-1-P) and glucose-6-phosphate 
may to some extent accumulate, the 
liver homogenates usually contain much 
higher concentrations of these esters than 
would be expected to be liberated in step 
2, and the blanks are therefore very high. 

An alternative method was therefore 
employed. This is based on the principle 
that galactose-1-phosphate can be sepa- 
rated from even minute amounts of uri- 
dine diphosphogalactose (or other nu- 
cleotides) by a microscale fractionation 
with norite (7). At pH 3, norite will 
adsorb the nucleotide but not the phos- 
phate ester; the nucleotide can subse- 
quently be eluted efficiently from the 
washed norite with 50-percent ethanol 
containing 0.1 percent ammonia. If C14- 
labeled galactose-1-phosphate is used, 
the incorporation of radioactivity into 
the nucleotide fraction can be measured 


and this specific metabolism of the sugar 


phosphate thus determined. 

Carbon-14 labeled galactose-1-phos- 
phate was prepared from 1-C14-galactose 
by using purified yeast (galactose- 
adapted Saccharomyces fragilis) galac- 
tokinase (8) and adenosine triphosphate 
(9). Uridine diphosphoglucose was ob- 
tained from Sigma Chemical Company 
and from Pabst Laboratories. 

Liver biopsy or autopsy samples (10) 
ranging from 20 to 200 mg were ground 
to a pulp in a. micro mortar and extracted 
with 0.1M phosphate buffer at pH 7.4. 
The samples were: either fresh tissue or 
tissue that- had been frozen immediately 
after removal and kept in a frozen state 
until analysis. (17). 

The incubation mixture contained 0.15 
umole of 1-C14-galactose-1-phosphate 
(S.A., 500,000 count/min umole, 0.5 
umole of uridine diphosphoglucose, 1.25 
umole of uridine triphosphate (UTP) (to 
recycle the glucose-l-phosphate formed 
in the reaction into uridine diphos- 
phoglucose synthesis), and cysteine (6 
umoles), Mg*, and phosphoglucomutase 
to pull the reaction by further oxidation 
of the glucose-1-phosphate formed. The 
incubation was run in 0.1M glycine buf- 
fer at pH 8.7; liver tissue equivalent to 
7 to 15 mg was used. The control sample 


was identical except for the absence of 
labeled galactose-1-phosphate, which was 
added after deproteinization. The sam- 
ples were incubated at 37°C for 30 min- 
utes and deproteinized by heating at 100° 
for 2 minutes. In some cases, an addi- 
tional control was made by incubating 
labeled galactose-1-phosphate with the 
liver tissue in the absence of uridine di- 
phosphoglucose. In this sample, there 
was some incorporation by normal liver 
tissue because of the uridine diphospho- 
glucose present in the tissue or formed 
from the uridine triphosphate added. 

In two cases in which the liver had 
been frozen before analysis, uridine di- 
phosphoglucose pyrophosphoryiase (py- 
rophosphate uridyl transferase) activity 
in the tissue was also estimated (step 4, 
1). Phosphorus-32 labeled glucose-1- 
phosphate (0.3 umole; S.A., 140,000 
count/min umole) was incubated with 
0.75 umole of uridine triphosphate in the 
presence of 15 mg of liver tissue. The in- 
cubation was run in 0.1M tris buffer at 
pH 7.5, and the mixture also contained 
ammonium sulfate (final concentration 
0.1M) to inhibit the conversion of glu- 
cose-1-phosphate to glucose-6-phosphate, 
and inorganic pyrophosphatase to pull 
the reaction in the direction of uridine 
diphosphoglucose synthesis. The incuba- 
tion was run for 30 minutes at 37°C and 
the mixture was then deproteinized with 
heat. The control sample lacked P%?- 
labeled glucose-1-phosphate, which was 
added after deproteinization. 

The nucleotides in the deproteinized 
sample were adsorbed on 45 mg of norite 
by exposure at pH 3 for 30 minutes. The 
norite was washed twice with 10 ml of 
0.001N HCl and twice with 10 ml of 
water and then eluted with 5 ml of am- 
moniacal 50-percent ethanol for 30 min- 
utes. The eluate was evaporated down to 
a small volume, and aliquots were as- 
sayed for radioactivity. The ethanol elu- 
ates of washed norite contain very little 
dry material, and there is thus no appre- 
ciable self-absorption. 

The results are given in Table 1, ex- 


Table 1. Uridyl transferases in human 
liver homogenates (micromoles incorpo- 
rated into nucleotide per gram of liver, 
per hour). 








Cc* p=. 
Subject labeled labeled 
Gal-1-P G-1-P 

Nongalactosemic 

adult* > 15.0 
Nongalactosemic 

infant* > 25.00 > 4.0 
Galactosemic 

adult, biopsy a2 
Galactosemic 

infant, biopsy < 6s > 3.0 


* Post mortem. 





Table 2. Galactose-l-phosphate uridyl 
transferase in blood cell hemolysates 
(micromoles of uridine diphosphoglucose 
utilized per milliliter of red blood cells, 
per hour, ¢). 





Subject —- 
activity 
Normal adult 1.0 to 3.0 


Normal infant (cord blood) 2.0 


Galactosemic adult < 0.02 
Galactosemic infant 
(cord blood ) < 0.02 
Galactosemic infant trans- 
fused with normal blood 
First day 0.50 
40th day 0.24 
200th day 0.01 


pressed as micromoles of galactose-1- 
phosphate or glucose-l-phosphate _in- 
corporated per gram of liver, per hour. 
It can be seen that the galactose-1- 
phosphate uridyl transferase of liver is 
greatly lowered in congenital galacto- 
semia. In one case, an infant afflicted 
with the disease, no detectable incor- 
poration of 1-C14-galactose-1-phosphate 
took place (less than 0.5 percent); 
the analogous transferase incorporating 
pyrophosphate (uridine diphosphoglu- 
cose pyrophosphorylase) was, however, 
present. In another case, an adult with 
the disease, there was a slight but definite 
ability to incorporate 1-C4-galactose-1- 
phosphate into uridine nucleotides. The 
rate amounted to about 5 percent of the 
average normal rate. Differences in the 
severity of the disease may thus be re- 
flected in the completeness of the meta- 
bolic defect in liver tissue. This patient 
has previously been found, clinically, to 
manifest some tolerance for galactose. 
The estimate here is in fair agreement 
with some metabolic in vivo studies per- 
formed on the same subject (12). 
Whether the result found is due to a 
slight activity of galactose-1-phosphate 
uridyl transferase or to an alternate, re- 
lated pathway (compare 13) that is at 
present unknown cannot be decided by 
this technique. Neither uridine diphos- 
phoglucuronic acid nor uridine triphos- 
phate produced the same incorporation 
of 1-C14-galactose-l-phosphate as did 
uridine diphosphoglucose in liver tissue 
from this patient. It should be noted 
that the same adult patient showed no 
detectable galactose-1-phosphate uridyl 
transferase in red cell hemolysates that 
were incubated with galactose-1-phos- 
phate and uridine diphosphoglucose (see 
Table 2). 

In the case of uridine diphosphoglu- 
cose pyrophosphorylase, the values are 
minimized by appreciable hydrolysis of 
both reactants in the homogenates; the 
levels of activity given for this enzyme 
are therefore undoubtedly much underes- 
timated. In addition, uridine diphospho- 
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glucose may be broken down or may 
undergo exchange with unlabeled glu- 
cose-l-phosphate in the homogenates, 
and incorporation into the nucleotide 
fraction may therefore be decreased. This 
would affect the values for both enzymes. 
However, the activity of galactose-1- 
phosphate uridyl transferase in galac- 
tosemic liver is still clearly only a small 
percentage of that in nongalactosemic 
tissue, 

Table 2 gives the results of some fur- 
ther studies on galactose-1-phosphate 
uridyl transferase in red cell hemolysates. 
One infant with galactosemia was trans- 
fused with normal red cells because of 
bleeding tendencies; this offered an op- 
portunity to follow the disappearance of 
donor erythrocyte galactose-1-phosphate 
uridyl transferase. A half-life of about 40 
days was found. 

As can be seen, the assay can be ap- 
plied to umbilical cord blood of newborn 
infants, and the defect is also present in 
cord blood of galactosemic infants (1/4). 
This observation indicates that the dis- 
ease can be diagnosed at birth and that 
the proper treatment can be instituted 
immediately without ever subjecting 
these patients to the deleterious effects 
of galactose or milk ingestion. 

EvizaBnetH P, ANDERSON* 
Herman M. KaAtcKArR 
Kurt J. IssELBACHERy 
National Institute of Arthritis and 
Metabolic Diseases, National Institutes 
of Health, Bethesda, Maryland 
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Enzyme Formation in 
Galactose-Negative Mutants 
of Escherichia coli 


Morse, Lederberg, and Lederberg re- 
cently reported the transduction of Gal+ 
genes from galactose-positive to galac- 
tose-negative cells of Escherichia coli 
strain K-12 by the bacteriophage lambda 
(1). They also described the transduc- 
tion of Gal— genes from galactose-nega- 
tive to galactose-positive cells (2). This 
report (3) deals with the correlation be- 
tween the various galactose loci and the 
formation of galactose-metabolizing en- 
zymes. 

Galactose (Gal) (4) is metabolized 
by E. coli adaptively much as it is by 
Saccharomyces fragilis (5) through a-ga- 
lactose-1-phosphate (Gal-1-P), uridine 
diphosphogalactose (UDPGal), and uri- 
dine diphosphoglucose (UDPG) as fol- 


lows: 


Galactokinase 
Gal* + ATP ———————> 
Gal*-1-P+ADP (1) 


Gal*-1-P + UDPG 
Gal-1-P uridyl transferase 








UDPGal* +G-1-P (2) 





UDPGal* = 
UDPGal-4-epimerase 
UDPG* (8) 





The sum of reactions 1, 2, and 3 is 


Gal + ATP ——————-> G-1-P + ADP 


As is shown in these equations, it is 
necessary that the three enzymes in steps 
1, 2, and 3 operate in order to convert 
free galactose to a glycolytic intermedi- 
ate. The catalytic amount of uridine di- 
phosphoglucose needed for this conver- 
sion could be supplied by another en- 
zyme, uridine diphosphoglucose pyro- 
phosphorylase, as follows: 


UTP +G-1-P 
UDPG pyrophosphorylase 





Gam 





UDPG+PP (4) 


Galactokinase activity was measured 
by determining the amount of galactose- 
1-phosphate formed during the incuba- 
tion of galactose and adenosine triphos- 
phate (ATP) with the enzyme solution. 
The galactose-1-phosphate formed was 
measured by the reduction of triphos- 
phopyridine nucleotide in a coupled re- 
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action of purified galactose-1-phosphate Table 2. Incorperation of galactose-1-C™ into uridine nucleotides by extracts of E. coli 











uridyl transferase, glucomutase, and mutants. 

Zwischenferment (6). Galactose-1-phos- Ti ages EGE a Rae ——- 
phate uridyl transferase activity was Genetic Additions of extracts (ml) 

measured by determining spectrophoto- = gyi, ‘notation ities i). eer 
metrically the reduction of triphospho- ih ee ee 
pyridine nucleotide in a coupled reaction W3100 = =Gal+ 0.1 

with phosphoglucomutase and Zwischen- W3091 3=Gah- 0.1 OF 02 0 

ferment (7). Uridine diphosphogalactose W3094 Gak- 0.1 0.1 Of. 63 
4-epimerase activity was measured by W3092 Gal: 0.1 0.1 0.1 0.1 
determining diphosphopyridine nucleo- W3142 — Gal-* 0.1 0.1 0.1 0.1 
tide reduction spectrophotometrically in Total counts} in- 

a coupled reaction with uridine diphos- corporated into 

phoglucose dehydrogenase (8). Uridine uridine nucleotides 

diphosphoglucose pyrophosphorylase ac- (10* count/min ) See C' OO: 6 0. 376 36.2 296 38:0 0 
tivity was measured in the same way as * See the footnote of Table 1. + The counts have been corrected for the control, the reaction of which 
galactose-1-phosphate uridyl transferase was stopped at zero time. 


assay except that pyrophosphate was sub- 
stituted for galactose-l-phosphate (7). 

The mutants of E. coli K-12 were of galactokinase activity are not located 
grown in 300 ml of glycerol-complete in the same cluster of genes. As reported 
medium [10 g of casein digest (NZ case), by Morse, Lederberg, and Lederberg 
5 g of yeast extract, 3 g of K,HPO,, 1 g (1, 2), the galactose loci, Gal, to Gal, 
of KH,PO,, and 5 g of glycerol per liter] (W3091 to W3097 and W3178) are 
for 12 to 16 hours at 37°C (9). After closely linked to one another, whereas 


E. coli (about 1 mg of protein) in a total 
volume of 1.0 ml were incubated for 1 
hour at 37°C. After the reaction had 
been stopped by heating the reaction 
mixture at 100°C for 1.5 minutes, the 
nucleotides were adsorbed on charcoal 


harvest by centrifugation, the cells were the Gal-— locus in the mutant W3142 is and treated as described by Kalckar 
resuspended in 300 ml of galactose-com- separated from the afore-mentioned clus- et al, (13). 

plete medium (as described in the pre- ter of genes and not closely linked to the The results of these experiments are 
vious sentence except that galactose was — phage lambda. It appears from Table 1 


presented in Table 2. The first part of the 
table shows the results obtained with un- 
mixed extracts of single mutants, and the 


substituted for glycerol) and incubated that the loci Gal,, Gal,, and the more 
for 6 to 10 hours at 37°C. The crude cell- distant Gal— locus of W3142 are all in- 


free extracts were prepared by grinding volved in the development of galacto- second part of the table presents the re- 
the washed cells with alumina powder or kinase activity. sults obtained with mixtures of the ex- 
by disintegration in a mechanical cell dis- In order to confirm these results by tracts of two different mutants. It should 
integrator (10). an independent technique, experiments be noted that the mixture of extracts of 
The distribution of the four enzymes with C-labeled galactose were carried two mutants which lack the activity of 
concerned with galactose metabolism in out. The principle of these experiments the same enzyme failed to show any in- 
the galactose mutants of E. coli is sum- was that extracts lacking either galacto- corporation of free galactose into uridine 
marized in Table 1. On the basis of this kinase or galactose-l-phosphate uridyl nucleotides, whereas the mixture of ex- 
table, the mutants that were tested can transferase would fail to incorporate free tracts of two mutants which lack the ac- 
be classified into two groups: one lacks galactose-1-C1* into uridine nucleotides, tivity of galactokinase and galactose-1- 
galactose-1-phosphate uridyl transferase as indicated by the asterisks in Eq. 1, 2, phosphate uridyl transferase, respectively, 
and the other lacks galactokinase. Uri- and 3. If, however, the extracts of a mu- showed the incorporation of free galac- 
dine diphosphogalactose-4-epimerase and tant in group | and of another in group 2 tose at the level observed with the extract 
uridine diphosphoglucose pyrophosphory- are mixed, the incorporation of free of the Gal+ mutant. 
lase were present in all the mutants galactose-1-C1* into uridine nucleotides These results not only confirmed the 
tested. In fact, the latter two enzymes are should take place. conclusions derived from Table 1, but 
not induced enzymes because they are One micromole of galactose-1-C1* also ruled out the possibility that the in- 
present in the cells grown on glycerol (2.25 x 105 count/min umole) (12), 1.7 activity of galactokinase or galactose-1- 
synthetic medium without previous in- _ umole of adenosine triphosphate, 5 umole phosphate uridyl transferase is the result 
duction to galactose (11). of MgCl,, 100 umoles of tris buffer (pH of the presence of some inhibitor in the 
An observation, which may be note- 7.5), 0.3 umole of uridine diphospho- extracts of these mutants. It cannot be 
worthy, is the fact that the loci which glucose, 25 umole of NaF, 10 umole of decided at this point whether the lack 
are all concerned with the development cysteine, and 0.1 ml of crude extract of of the enzymatic activity observed in 


these mutants is due to a complete loss 
of the ability to form the enzyme protein 
molecule or whether it is due to the for- 


Table 1. Distribution of the enzymes metabolizing galactose in E. coli mutants. 
7% pas aa . aos mation of an incomplete enzyme protein 











. Gal-1-P } UDPG molecule as in the Neurospora mutants 
Genet Galacto- UDPGal-4- 
Strain need “mare uridyl epimerase pyrophos- that have defects in tryptophan synthesis, 
transferase phorylase as described by Yanofsky (14). 
wasnn Oe TE 1 Nee eee ae tle tee Kryosut KuraHasHi* 
WwW 1+ + + + + ; 7 oe 
uses ak - € a + i‘ National Institute of Arthritis and 
W3092 Gal. - = + . + Metabolic Diseases, National Institutes 
W3094 Gal, - + - 4 7 of Health, Bethesda, Maryland 
bak pn = a ¥ ns References and Notes 
Be al; — 0 
= 1 1. M. L. Morse, E. M. Lederberg, J. Lederberg, 
W3178 Gab ~ : x Genetics 41, 143 (1956). 


W3142 Gal -* - + 2. , ibid. 41, 758 (1956). 
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* No designation for this mutant, which is not linked in the same cluster as the others, has yet been from the Jane Coffin Childs Memorial Fund 
published (15). for Medical Research. I am grateful to M. L. 
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Studies on Metabolism of 
Carbon-14-Labeled Galactose 
in a Galactosemic Individual 


It is frequently reported (1) that in 
congenital galactosemia only about 60 
to 80 percent of the galactose adminis- 
tered can be accounted for on the basis 
of urinary excretion. The fate of the re- 
maining galactose has, so far, been vir- 
tually unknown. However, Schwartz et 
al, (2) have recently demonstrated that 
galactose administration to galactosemic 
children brings about a significant ac- 
cumulation of a hexose phosphate iden- 
tified as galactose-l-phosphate. This 
poses the question whether the galactose 
retained in the body as galactose-1-phos- 
phate might not account for the major 
part, if not the total, of the fraction of 
the galactose that is not excreted. 

We have found (3-5) that in hemoly- 
sates, as well as in liver homogenates (6) 
from galactosemic subjects, the enzyme 
that catalyzes the metabolic step immedi- 
ately succeeding galactose-1-phosphate 
formation (galactose-1-phosphate uridyl 
transferase) is defective or totally absent. 

We were therefore interested in study- 
ing the galactose metabolism in man with 
special reference to: (i) galactose-1- 
phosphate accumulation and (ii) residual 
metabolism beyond the _ galactose-1- 
phosphate stage. Concerning the latter 
problem, it was felt that although enzyme 
studies reveal a defect of major propor- 
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tion, a study of galactose metabolism in 
the intact human organism might detect 
the presence of appreciable metabolism 
beyond simple phosphorylation. Highly 
sensitive methods for detecting the con- 
version of galactose to the glucose of 
glucose derivatives were based on two 
principles: (i) The use of C1-labeled 
galactose and (ii) the trapping of galac- 
tose as a glucosiduronic acid. The latter 
principle was used for several reasons. 

Studies during the last few years have 
shown that the irreversible conversion of 
glucose to glucosiduronic acids involves 
the very same uridine nucleotides that 
are operating in the conversion of galac- 
tose to glucose derivatives (7). More- 
over, the conversion of galactose and glu- 
cose compounds to alcohol glucosiduronic 
acids gives rise to compounds that can 
readily be isolated as crystalline precipi- 
tates. 

Galactose-1-C1* (8) was administered 
intravenously over a period of 30 min- 
utes to a 24-year-old male with galac- 
tosemia in a dose of 5 uc. In this experi- 
ment, 1 g of nonisotopic galactose was 
added to the galactose-1-C* being in- 
fused. Concurrent with the administra- 
tion of the isotope, the subject ingested 
1 g of menthol over a period of 24 hours. 
Urine was collected at 2-hour intervals 
during this time. From each collection, 
menthyl glucosiduronic acid was isolated 
as the ammonium salt (9) and purified 
(10). 

An aliquot of the urine was taken 
prior to isolation, acidified, extracted 
with redistilled ether, and total menthyl 
glucosiduronic acid was determined on 
the ether extract by the orcinol reaction 
using the conditions described by Dische 
(11). The purified menthyl glucosidu- 
ronic acid was counted in solution in a 
Packard Tri-Carb liquid scintillation 
spectrometer. A sample of the substrate 
galactose-1-C14 was counted in the same 
way. 

From the radioactivity of the pure 
menthyl glucosiduronic acid and the 
quantity of the compound excreted, total 
counts were calculated. From this figure 
and the counts administered as galac- 
tose-1-C14, the percentage conversion of 
the substrate to glucosiduronic acid was 
computed. Urea was isolated for the pur- 
pose of sampling the CO, pool. Urinary 
galactose was measured by the method 
of Nelson (12) as the reducing sugar re- 
maining after treatment of the urine with 
glucose oxidase (13). Galactose and ga- 
lactose-1-phosphate in blood were de- 
tected by indirect methods. No detect- 
able counts were found in the blood 
plasma. However, in the erythrocytes, ap- 
preciable amounts of counts were found 
(see Table 1). 

The presence of galactose-1-phosphate 
was inferred for the following three rea- 
sons. (i) The C14-labeled material was 
confined to the erythrocytes, with no 


radioactive material present in the 
plasma fraction. Free galactose would be 
distributed fairly evenly between the two 
fractions. (ii) The reported observation 
of galactose-1-phosphate accumulation in 
the erythrocytes from congenital galac- 
tosemia has been reported (2, 3). (iii) 
Enzymatic assay, although it was too low 
to be considered quantitative, revealed 
traces of galactose-1-phosphate (4). 

Excreted galactose and glucosiduronic 
acid were measured as described. The 
amount of suspected galactose-1-phos- 
phate present in the relatively small 
blood specimens was too minute to iso- 
late. The radioactivity measurements 
were therefore performed directly on 
small samples of crude filtrates, and cor- 
rections for self-absorption were made. 
Counts for a known sample of C14- 
labeled galactose were taken under iden- 
tical conditions—that is, as an internal 
standard. In this way counts could be ex- 
pressed as micromoles of galactose. 

Filtrates from plasma were found to be 
nonradioactive, whereas filtrates from 
erythrocytes showed distinct radioactiv- 
ity. The latter could not be attributed 
to free galactose because galactose would 
distribute itself freely between plasma 
and cells. It was therefore classified as 
“cellular” galactose, for any cellular in- 
corporation of radioactivity would figure 
on the balance as galactose retained in 
the body. This is actually the essential 
term in the balance. From the studies 
by Schwartz et al. (2) as well as those 
by us (5), it seems likely that all of the 
cellular galactose is identical with galac- 
tose-1-phosphate. 

The distribution of galactose which 
was found over a period of 4 hours is 
shown in Table 1. As can be seen, out of 
the 1 g of galactose administered, 75 to 
80 percent was not metabolized. beyond 
the galactose-1-phosphate stage, 3 per- 
cent was metabolized to the glucosidu- 
ronic acid stage, and 20 to 25 percent 
was not accounted for. The latter frac- 
tion was probably metabolized to carbon 
dioxide or lactic acid but diluted by car- 
bon from the general carbohydrate pool 
so as to escape detection, for the urea 


Table 1. Balance of galactose compounds 
(after the infusion of 1 g of galactose and 
5 pc of galactose-1-C™ to a 24-year-old 
male with galactosemia). 





Amount 


Galactose excreted in urine 700 

Galactose metabolized to 
glucosiduronic acid 30 

Galactose accumulating as 
“cellular” galactose 
(galactose-1-phosphate 
and so forth) 





50 to 100* 





* All tissues with the exception of muscle and bone. 
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contained no C14. A possible loss by ex- 
cretion through the gastrointestinal tract 
cannot be excluded. 

We believe that the galactose was not 
only metabolized to glucosiduronic acid 
but that most of the remaining 200 mg 
of galactose was generally metabolized. 
This belief is partly based on an experi- 
ment in which only 1.5 mg of galactose- 
1-C1* (undiluted) was administered. In 
the afore-mentioned experiment, it was 
established that the galactosemic organ- 
ism is able to metabolize 30 mg of galac- 
tose to glucosiduronic acid. One would 
therefore expect that if the latter path- 
way were the only one in operation, a 
minute amount of galactose, such as the 
1.5 mg of C14-labeled galactose that was 
administered in a separate experiment, 
would readily be completely converted 
to glucosiduronic acid. However, the ex- 
periment showed that only 6.5 percent of 
this amount appeared as glucosiduronic 
acid. The most reasonable assumption is 
that the rest went through the pathway of 
glucose-6-phosphate and hence escaped 
detection by high isotope dilution. These 
considerations probably also apply for 
the experiment in which 1 g of galactose 
was administered. 

The special value of the isolation and 
analysis of the C14-labeled menthyl glu- 
cosiduronic acid is manifold. (i) It dem- 
onstrates directly that galactose can defi- 
nitely be metabolized in the galactosemic 
organism. (ii) It poses a question as to 
whether the block of the galactose-1- 
phosphate uridyl transferase is complete, 
for it is known from earlier studies that 
conjugated glucuronic acid arises from 
hexoses through the uridine nucleotides 
(7). 

That the normal pathway, or a very 


. Closely related accessory one (compare 


14), was in operation in this case is also 
supported by the fact that the distribu- 
tion of labeled carbon in the glucuronic 
acid moiety was identical with that of 
the galactose administered—that is, it 
was confined to carbon atom 1 (J5). 

A normal adult person is able to me- 
tabolize 20 to 25 g of galactose within 12 
hours (1/6), whereas a galactosemic per- 
son is able to metabolize 150 to 200 mg 
at the most. This means that a galacto- 
semic subject has retained only about 1 
percent of the capacity of a normal per- 
son with respect to galactose metabolism. 
This is a somewhat lower than, but prob- 
ably in the order of magnitude as, that 
found in vitro by enzymatic assays on 
liver tissue obtained from the same pa- 
tient (6). It was estimated that less than 
4 to 8 percent of the normal activity of 
the galactose-1-phosphate uridyl transfer- 
ase was retained in the galactosemic 
liver. Alternatively, the activity could be 
attributed to an incorporation enzyme re- 
lated to galactose-1-phosphate uridyl 
transferase. The red cells from the same 
subject showed no detectable amounts 
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of galactose-1-phosphate uridyl transfer- 
ase. 

The values obtained from in vitro and 
in vivo studies definitely fall into the 
same order of magnitude. The in vivo 
method is for this particular purpose 
as sensitive as the in vitro technique. 
Both methods may give the approxi- 
mate residual galactose-1-phosphate uri- 
dyl transferase present in the galacto- 
semic subject. However, it is quite 
naturally not possible to rule out the 
existence of a closely related accessory 
exchange mechanism involving galac- 
tose-1-phosphate, which is replacing the 
normal pathway in congenital galacto- 
semia. 

FRANK EISENBERG, JR. 
Kurt J. Iss—ELBACcHER* 
H. M. KatcKar 
National Institute of Arthritis and 
Metabolic Diseases, National Institutes 
of Health, Bethesda, Maryland 
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Oxidation of N,N-Dimethyl-p- 
phenylenediamine by Serum from 
Patients with Mental Disease 


In investigations carried out at the 
Langbro Mental Hospital in 1955, it was 
found that fresh blood serum obtained 
from patients with mental disease, in- 
cluding schizophrenic, manic depressive, 
and senile psychoses (S-serums) had the 
capacity to oxidize N,N-dimethyl-p- 
phenylenediamine (DPP) more rapidly 


than fresh serum obtained from healthy 
control subjects (N-serums). Further in- 
vestigations to determine the incidence of 
this reaction in nonmental diseases and 
to explore the possibility of using it as a 
diagnostic test for mental disease are in 
progress. This report describes the bio- 
chemical background that underlies this 
reaction (1). 

Mild oxidation of DPP leads to the 
formation of a free radical of a semi- 
quinone type (see for example, 2) : 


N(CHs)2 |* 
oO ; : 
NH: NH: 


DPP DPPaox. 


N(CHs) 2 


This substance has an absorption maxi- 
mum at 552 mu and is known as Wur- 
ster’s red. 

The addition of DPP (3) to fresh 
serum from healthy control subjects is 
followed by a lag period of approxi- 
mately 5 minutes, during which there is 
but slight increase in the extinction at 
552 mu. A sudden acceleration in color 
development then ensues, with a linear 
increase in extinction. In contrast, the 
lag period in development of the red 
color is much shorter or absent with fresh 
S-serum (Fig. 1). 

Prolonged exposure to room air, gentle 
aeration, or dialysis against 0.9-percent 
NaCl increases the capacity of N-serum 
to oxidize DPP so that it equals or ap- 
proaches the rate characteristic of 
S-serum. This suggests that one or sev- 
eral reducing substances of low molecular 
weight which are present in N-serum are 
quantitatively diminished or absent from 
S-serum. 

The DPP-oxidizing substance in both 
serums is heat labile and not dialyzable. 
It therefore appears to be a catalytically 
active protein. 

The ability to oxidize DPP disappears 
when serum is dialyzed against a citrate- 
phosphate buffer of pH 3. Following re- 
moval of buffer ions by dialysis against 
0.9-percent NaCl, this activity can be re- 
stored by addition of a low concentration 
of Cu* ions but not by Fet+* ions. This 
finding suggested that ceruloplasmin, a 
serum oxidase containing copper, which 
was first isolated by Holmberg and 
Laurell (4), might be involved. Cerulo- 
plasmin constitutes the copper-binding ~ 
protein of normal serum. It contains 
about 95 percent of the total serum cop- 
per (5) and is also capable of catalyzing 
the oxidation of -phenylenediamine. 

Evidence suggesting that catalytic oxi- 
dation of DPP by serum is attributable 
to ceruloplasmin was provided by find- 
ing that this activity is precipitated with 
(NH,),SO, in the same fraction as is 
ceruloplasmin. Furthermore, DPP oxi- 
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dation by serum resembles ceruloplasmin 
activity in that it is strongly inhibited by 
NaN, but not by NaF, NH,-oxalate, or 
cystine (inhibitor concentration about 1 
mg/ml). A concentration of 2x 10-*+M 
NaN, produced 67-percent inhibition of 
serum DPP oxidase activity at pH 6.6, a 
value similar to that reported for pure 
ceruloplasmin with -phenylenediamine 
as substrate (6). Other enzyme inhibitors 
suchas Na-diethyldithiocarbamate, KCN, 
and cysteine could not be tested by this 
method because they decolorize DPP,,. 

Finally, addition of ceruloplasmin (7) 
to serum showed that DPP actually is a 
substrate for this enzyme. Thus the cata- 
lytically active protein responsible for 
DPP oxidation by serum is probably iden- 
tical with ceruloplasmin. 

Elevated serum copper levels have 
been found in schizophrenia (8), and re- 
cently Ozek (9) has shown that this in- 
crease in serum copper is attributable to 
an abnormally high ceruloplasmin con- 
tent. Confirmation of elevated cerulo- 
plasmin activities in S-serums has been 
obtained using DPP as substrate. 

As has already been pointed out, the 
reducing substance (or substances) pre- 
dominantly present in fresh N-serum is 
rapidly autooxidized and is dialyzable. 
The addition of organic Hg-halides or 
N-ethyl-maleiimide to N-serum does not 
effect the capacity of the serum-reducing 
substances to decolorize DPP,,. How- 
ever, the addition of physiological 
amounts of ascorbic acid to dialyzed 
N-serum restored its capacity to reduce 
DPP,, (Fig. 2). It thus appears that 
ascorbic acid, which is present in serum 
in amounts of about 1 to 25 ug/ml, is 
responsible for at least a part of the re- 
ducing capacity of serum. It is further 
known that the serum ascorbic acid con- 
tent is low in schizophrenia (10). 

To determine whether ascorbic acid is 
the sole or the predominant reducing sub- 
stance in serum, the effect of the addi- 
tion of various amounts of ascorbic acid 
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Fig. 1. Typical oxidation curves for DPP 
in serum; S-serum was from an acute 
schizophrenic ; N-serum was from a healthy 
person; 1.5 ml of serum and 1.5 ml of 0.1- 
percent DPP - 2HC1 in distilled water; the 
blank contained 1.5 ml of serum and 1.5 
ml of distilled water. 
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Fig. 2. Addition of ascorbic acid to dia- 
lyzed serum; 1.4 ml of dialized serum, x 
ml of ascorbic acid stabilized in albumin 
solution, (0.1—x) ml of distilled water, 
and 1.5 ml of 0.1-percent DPP - 2HC1 in 
distilled water. The figures on the graph 
denote the added ascorbic acid (x) in 
micrograms per milliliter. 


to dialyzed serum was investigated. Fig- 
ure 2 shows that the time T during which 
DPP is maintained in the reduced state, 
as indicated by the failure of the extinc- 
tion at 552 mw to increase, is lengthened 
by increasing the concentration of ascor- 
bic acid. In each instance, T is approxi- 
mately proportional to the ascorbic acid 
content, 

However, in addition to the effect of 
ascorbic acid, it is to be expected that T 
would vary inversely with the DPP oxi- 
dase activity of individual serums. The 
ceruloplasmin activity is indicated by the 
slope v of the curves in Figs. 1 and 2. 
If ascorbic acid is the only reducing sub- 
stance playing an effective role in this 
reaction, a quantitative estimate of its 
concentration in serum can be obtained 
by calculation from the ceruloplasmin ac- 
tivity as indicated by the slope v and the 
measured T’-value according to the fol- 
lowing equation: 


[Ascorbic acid] = kvT (1) 


where k is a constant. 

Variable amounts of ascorbic acid were 
added to a number of dialyzed serums 
having different ceruloplasmin acitivties, 
and T and v were measured. Equation 1 
was found to be valid, and a k-value of 
30 was found at 21+2°C (1/1). 

It is pertinent to discuss the role of 
physically dissolved oxygen in this re- 
action and whether it is present in suffi- 
cient amounts to support the oxidation 
of DPP during the period of the test— 
that is, 5 to 6 minutes. From Eq. 1 it 
follows that the rate of oxidation of as- 
corbic acid in N-serum (uv ~ 0.08) is 
about 2.4 pg/min (1.4x 10-2 umole/ 
min), which is equivalent to 2.8 x 10-2 
umoles of DPP per minute, since 1 mole 
of ascorbic acid reduces 2 moles of 
DPP,,. The concentration of dissolved 
oxygen in venous. serum (plasma) is 
about 60uM. In the test, 1.5 ml of serum 
is used, thus containing about 9 x 10-2 
umoles of O,. It is thus apparent that the 


physically dissolved oxygen in serum is 
sufficient to account for the oxidation of 
DPP for about 13 minutes at the afore- 
mentioned rate, since each mole of O, is 
capable of oxidizing 4 moles of DPP. 
Actually, the capacity of the reaction 
mixture to oxidize DPP is greater, be- 
cause the distilled water used contains 
an appreciable amount of dissolved O,. 

The ascorbic acid concentrations cal- 
culated by measuring T and v and in- 
serting the values in Eq. 1 were com- 
pared with the ascorbic acid concentra- 
tions found by chemical analysis (/2) of 
16 different serums from both mentally 
diseased and healthy subjects. Good 
agreement between the calculated and 
measured values was obtained in all 
cases investigated, and it appears that 
ascorbic acid accounts for at least 95 per- 
cent of the substance in serum that is 
capable of reducing DPP,,. 

This method affords a simple means 
for determining the approximate concen- 
tration of ascorbic acid in serum, which 
should be adequate for most clinical 
purposes. The error is about +1 mg as- 
corbic acid per milliliter of serum. How- 
ever, TZ’ is short and more difficult to 
measure when the ascorbic acid concen- 
tration is very low. 

In those serums investigated, the ceru- 
loplasmin activity was usually propor- 
tional to the copper content. However, 
rather large deviations were sometimes 
observed, probably depending on pro- 
tein —SH— groups present in varying 
concentrations in different serums. These 
were shown to inhibit the ceruloplasmin 
activity, because the inhibition could be 
prevented by the addition of organic 
Hg-halides to serum. 

It may be concluded from these studies 
that the difference between N-serum and 
S-serum in their capacities to oxidize 
DPP is dependent mainly on the fact that 
the ceruloplasmin activity is higher and 
the ascorbic acid concentration lower in 
S-serum than in N-serum. 

The possibility of using this color re- 
action as a diagnostic test in mental dis- 
ease is now being investigated. However, 
it cannot be regarded as specific for men- 
tal disease, since there are other condi- 


tions in which serum ascorbic acid con- ’ 


centration may be lower and serum 
ceruloplasmin activity higher than nor- 
mal (for example, liver disease, preg- 
nancy). 

Stic AKERFELDT 


Nobel Medicai Institute, 
Stockholm, Sweden 
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Penicillin-Induced Lysis 
of Escherichia coli 


This communication reports some re- 
sults of studies the objective of which 
was the elucidation of the mechanism of 
the bactericidal action of penicillin. 
Those of our findings which are coinci- 
dental .to the observations of Lieber- 
meister and Kellenberger (J) and of 
Lederberg (2) on the penicillin-induced 
emergence of bacterial protoplasts were 
established independently. 

While several metabolic processes in 
microorganisms are known to be influ- 
enced by penicillin, none of them has 
been shown conclusively to be the site of 
the primary action of the antibiotic, and 
thus, to be originally responsible for the 
antibacterial action of the drug (3). The 
present report is concerned with the lysi 
of Escherichia coli induced by penicillin, 
a phenomenon that points to profound 
disturbances of cell-wall functions. 

Escherichia coli strain B was used as 
the test organism (4). The method for 
spectrophotometric assay of antibiotic 
action has been described elsewhere (5). 
Figure 1 shows the lysis of E. coli B under 
the influence of 100 units of penicillin 
per milliliter; the rates of lysis were ap- 
proximately dependent on penicillin con- 
centrations over a range from 12.5 to 500 
units/ml. 

Penicillin-induced lysis of E. coli oc- 
curred only in a nutritional environment 
that was capable of supporting the 
growth of the bacteria. Logarithmic cul- 
tures of E. coli which were washed free 
of growth medium and then resuspended 
in fresh media devoid of sources of car- 
bon or nitrogen did not undergo lysis in 
the presence of penicillin, while bac- 
teria that were resuspended in complete 
growth medium lysed as usual. 
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When 100 units of penicillin per milli- 
liter was added to logarithmic mass cul- 
tures of E. coli B and vigorous aeration 
was continued, the cultures soon began 
to foam, and masses of macroscopic, long 
strands that gave the impression of highly 
polymerized material appeared. Strands 
collected by low-speed centrifugation 
were readily dissolved in 0.5N NaOH to 
form viscous solutions, while some resi- 
due remained when the strands were ex- 
tracted with 5 percent perchloric acid 
for 30 minutes at 70°C. The ultraviolet 
absorption spectra of such perchloric 
acid extracts closely resembled those of 
nucleic acids. Chemical analysis indi- 
cated that about 15 percent of the total 
nitrogen of the strands went into the per- 
chloric acid extracts. These extracts also 
contained quantities of pentose and de- 
oxypentose, which suggested the pres- 
ence of ribonucleic and deoxyribonucleic 
acids in a ratio of 3.5 to 1. 

Another method of lysing bacteria, de- 
polymerization of the cell walls by lyso- 
zyme, exposes the bacterial protoplasts 
(6), which, in an unfavorable osmotic 
environment, are disrupted and yield the 
cytoplasmic constituents in an_alkali- 
soluble form that contains highly poly- 
merized deoxyribonucleic acid (7). 

In order to investigate the possibility 
that protoplasts might become demon- 
strable also as the result of penicillin ac- 
tion, sucrose was added to logarithmic 
cultures of E. coli B to give molar con- 
centrations of 0.32 or 0.48. Penicillin, to 
a concentration of 50 units/ml, was 
added 30 minutes later. Incubation was 
continued without aeration or mechani- 
cal agitation, and samples were taken at 
30-minute intervals for spectrophoto- 
metric readings and examination under 
the phase-contrast microscope. Figure 1 
shows the time course of penicillin action 
in the presence of 0.32M and 0.48M 
sucrose. 

Observation under the phase-contrast 
microscope (Fig. 2) revealed the follow- 
ing sequence of events: the bacterial rods 
produced central or terminal globular ex- 
trusions ‘that increased in size while the 
bacterial cell walls became correspond- 
ingly empty of cytoplasm. Later, the 
globes either separated from the cell 
walls or retained parts of them attached, 
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Fig. 1. Lysis of E. coli B by 100 units of 
penicillin per milliliter in the absence and 
presence of sucrose. 
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Fig. 2. Sequential phases of penicillin-in- 
duced lysis of E. coli B: 1, Bacteria im- 
mediately after addition of penicillin; 2, 
3, and 4, emergence of globular extrusions ; 
5 and 6, “rabbit ear” forms; 7, partially 
vacuolized globular structure; 8, “ghost” 
form of a cytoplasmic membrane. 


giving a typical “rabbit-ear” appearance. 
Finally, the globular structures under- 
went partial vacuolization, showing many 
crescent-shaped forms; eventually they 
released their entire content, leaving as 
formed elements only circular “ghosts” 
that probably represented empty cyto- 
plasmic membranes. 

The emergence from bacteria of spher- 
ical structures, called “large bodies,” has 
been the subject of a literature more ex- 
tensive than conclusive. The present mor- 
phological observations resemble those of 
Liebermeister and Kellenberger (1) con- 
cerning the action of penicillin on Pro- 
teus vulgaris in liquid cultures; these two 
authors also have emphasized the simi- 
larity between “large bodies” and bac- 
terial protoplasts. For E. coli, this idea 
has been further expanded by Leder- 
berg (2). 

The present findings on the lysis of E. 
coli by penicillin are consistent with the 
following interpretation: the drug in- 
duces a metabolic change that affects the 
integrity of the bacterial cell walls in 
such a way that the content of the bac- 
teria, enclosed in a cytoplasmic mem- 
brane, extrudes as a globular structure. 
Without protection against osmotic and 
mechanical disruption, the globes disin- 
tegrate and release the cytoplasmic ma- 
terial. In the presence of appropriate 
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concentrations of sucrose, on the other 
hand, the disruption of the globes is suffi- 
ciently retarded to permit the demon- 
stration of the sequential phases of the 
lysis. 

An elucidation of the primary action 
of penicillin on bacterial cell walls may 
well provide one of the clues to the 
mechanism of action of the drug. Park 
and Strominger (8) have provided a 
definitive chemical basis for an explana- 
tion of the primary action of penicillin. 

Frep E. Hann 
JENNIE CIAK 
Department of Rickettsial Diseases, 
Walter Reed Army Institute of 
Research, Washington, D.C. 
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Effect of Digoxin on 
Myokinase Activity 


In a study of “energetic-dynamic car- 
diac insufficiency,” Munchinger (1) re- 
ported that strophanthin and digilanid 
enhanced the adenosine triphosphatase 
(ATPase) activity of rat-heart homog- 
enate. Attempts to repeat tiis observa- 
tion using actomyosin prepared from 
heart gave results that varied from 40 
percent to zero activation, depending on 
the relative purity (by reprecipitation) 
of the actomyosin preparation. The loss 
of digoxin enhancement on reprecipita- 
tion indicated that a component other 
than actomyosin was sensitive to digoxin. 
The present report suggests that this com- 
ponent may be myokinase (2). 

Actomyosin (myosin B) was prepared 
from dog heart by the method of Szent- 


Gyorgi (3). Adenosine triphosphatase ac- 
tivity was measured by incubating myosin 
B and adenosine triphosphate (ATP,) in 
KCl (0.15M)- veronal buffer (0.02M) 
at pH 7.3 At the end of the incubation 
time, 20-percent trichloroacetic acid was 
added, the mixture was centrifuged, and 
phosphorus was determined on an aliquot 
of the supernatant by the method of Fiske 
and Subbarow (4). 

Myokinase was prepared according to 
Kalckar’s method (5). The final tr- 
chloroacetic acid precipitation was omit- 
ted. The myokinase solution was dialyzed 
against distilled water and finally cen- 
trifuged at 18,000 g for 30 minutes. The 
final product contained 0.28 mg of N 
per milliliter and showed only one 
major peak when subjected to electro- 
phoresis for 90 minutes in 0.1M veronal 
buffer at pH 8.5. 

Myokinase activity was determined 
following the procedure of Bendall (6). 
A myosin B preparation was used as a 
specific ATPase hydrolyzing only the ter- 
minal phosphate group of ATP. Because 
the myosin B was in sufficient excess to 
hydrolyze 45 to 46 percent of the 10- 
minute acid-labile phosphate of ATP in 
2 minutes, the extra phosphate liberated 
in 10 minutes was a function of the myo- 
kinase concentration and was taken as 
myokinase activity. The myokinase prep- 
arations, when present in optimum con- 
centration, liberated 100 percent of the 
10-minute labile phosphate. 

We found that myosin B from rat 
heart was difficult to free from myokinase 
activity, whereas that from dog heart 
was relatively easy to free. Myosin B 
from dog heart was therefore chosen for 
the test system. Figure 1 shows the effect 
of digoxin on myokinase activity. The 
myosin B and ATP concentrations are 
constant throughout. Bars 1 through 6 
denote increasing quantities of myokinase 
added to the test system. The activating 
effect of digoxin appears to be confined 
to the systems in which myokinase is a 


* limiting factor. At high myokinase con- 


centrations (bar 6), the total activity was 
inhibited, and digoxin had no influence 
on the reaction. This decrease of the 
over-all reaction was apparently the re- 
sult of inhibition of ATPase activity of 


Table 1. Effect of digoxin on the myokinase inhibition of ATPase activity of myosin B at 
two concentrations of ATP. The figures are based on 6 individual runs. Three runs were 
made on one myosin and myokinase preparation and three runs were made on a different 
myosin and myokinase preparation. The tubes contained the following: KCl, 0.15M; 
veronal buffer, 0.02M at pH 7.3; MgCl, 0.005M; myosin B (0.46 mg N/ml), 0.15 ml; 
myokinase (0.28 mg N/ml), 0.5 ml; and digoxin, 10 ug/ml. The total volume was 2.0 ml. 
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Fig. 1. Effect of digoxin on the activity 
of myokinase. The incubation tubes con- 
tained the following: KCl, 0.15M; veronal 
buffer, 0.02M at pH 7.3; CaCh, 0.01M; 
ATP, 3.75 10*M, myosin B (0.46 mg 
N/ml, 0.2 ml; and digoxin, 10 ug/ml. 
The total volume was 2.0 ml. Black bars, 
controls; open bars, with digoxin. Myo- 
kinase (0.28 mg N/ml) was added as {cl- 
lows: bar 1, none; bar 2, 0.025 ml; bar 3, 
0.05 ml; bar 4, 0.1 ml; bar 5, 0.2 ml; bar 
6, 0.5 ml. 


myosin B rather than to an effect on 
myokinase activity. At a lower myokinase 
concentration (bar 5), which appears to 
be the optimum myokinase concentra- 
tion in our test system, digoxin was with- 
out effect. When the myokinase concen- 
tration was decreased below the optimum 
level (bars 2, 3, and 4), digoxin activated 
the myokinase reaction, bringing the re- 
action to the level obtained with opti- 
mum concentrations. With no added 
myokinase, digoxin had no effect on the 
ATPase activity of myosin B. 

Hasselbach and Weber (7) have 
shown that the Marsh (8) and Bendall 
(9) relaxing factor of muscle inhibits the 
ATPase activity of myosin by extending 
substrate inhibition to physiological con- 
centrations. The demonstration of Ben- 
dall (6) that the Marsh-Bendall factor 
exhibited all the characteristics of myo- 
kinase prompted us to include in the 
present study the effect of digoxin on the 
ATPase-inhibiting characteristics of myo- 
kinase. Table 1 shows the effect of dig- 
oxin on the myokinase inhibition of 
ATPase activity of myosin B at two con- 
centrations of ATP. At lower ATP con- 
centrations (0.005M), the myokinase 
inhibition is slight (32 percent) but the 
ability of digoxin to reverse myokinase 
inhibition is evident. At higher ATP con- 
centrations (0.01M), inhibition ap- 
proaches 73 to 74 percent, and the abil- 
ity of digoxin to reverse the myokinase 
effect is obvious. 

According to Weber (10), contraction 
of muscle is associated with ATP break- 
down and lasts as long as ATP continues 
to be hydrolyzed. Relaxation sets in as 
soon as ATP breakdown is prevented. 
Physiologically induced relaxation is 
based on an inhibition of ATP hydrolysis 
by the Marsh-Bendall factor (myokin- 
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ase). It would appear that activity within 
the area of myokinase might allow 
digoxin to enhance the contractile re- 
sponse of muscle at the expense of re- 
laxation by (i) activating the myokinase 
reaction (ADP— ATP) and (ii) by 
suppressing myokinase inhibition of myo- 
sin ATPase. 

W. O. Reap 

F. E. Keisey 
Department of Physiology and 
Pharmacology, University of South 
Dakota School of Medicine, Vermillion 
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Spectral Reflectance Applied to 
the Study of Heme Pigments 


It is a common practice to make quali- 
tative and rough quantitative estimates 
of the content of pigmented substances in 
materials by the intensity and spectral 
distribution of color. It is rather sur- 
prising, then, that more use has not been 
made of spectral reflectance in qualita- 
tive and quantitative analytic chemistry. 
It is the intention of this report (1) to 
point out the potentialities of the 
method, particularly in biochemical an- 
alysis, and to illustrate its application 
in the investigation of certain heme pig- 
ments. 

The use of spectral reflectance curves 
in the specification of color by the physi- 
cist is well known. Lermond and Rogers 
(2) have recently pointed out the pos- 
sible wider utility of spectral reflectance 
measurements in chemical analysis and 
have reviewed the limited amount of 
work in this field. Applications in bio- 
chemistry seem to be particularly rare. 

In the course of research on pigment 
systems in fish flesh, we investigated the 
use of spectral reflection measurements. 
A standard reflection attachment to the 
Beckman DU _ spectrophotometer was 
used. Samples, either 90-mesh, nonab- 
sorbing powders with absorbing solutions 
or solids added, or tissue forced through 
a 16-mesh, stainless-steel screen, were 
packed into 1% by 1/16-in. aluminum 
planchets and covered with glass plates. 
Comparison was made with a standard 
consisting of the nonabsorbing diluent 
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powder or with a disk of high-fired 
alumina. 

Adherence to Beer’s law was tested 
by adding different amounts of standard 
copper sulfate solution to the crystal- 
line alumina diluent and measuring the 
absorbancy at 620-mu wavelength. The 
law seems to be applicable at this wave- 
length and for the range of concentra- 
tions indicated (Fig. 1). These results 
are at variance with those that Wins- 
low and Liebhafsky (3) reported for 
reflectance from known concentrations 
of metals spot-tested on paper. The dis- 
crepancy may be due to the difference 
in the thickness of the supporting media 
for the samples used in the two experi- 
mental situations. Measurements were 
attempted with whole blood dispersed 
on 90-mesh crystalline alumina. In this 
case, adherence to Beer’s law was found 
at low concentrations, but oxidative 
changes caused deviation in the higher 
range. 

In transparent, internally absorbing 
systems (dielectrics), it can be assumed 
that reflection takes place at phase inter- 
faces and by diffuse scattering from large 
molecules. Adherence to Beer’s law would 
signify that, for systems of similar opac- 
ity, the average path length of the inci- 
dent and emergent beam is the same 
and would also justify the use of absorb- 
ancy (optical density) in the plotting of 
spectral reflectance data. Thus spectral 
reflectance can presumably be used for 
the comparative quantitative analysis of 
stable systems of dielectric materials of 
similar general composition. Such meas- 
urements have been applied in the pres- 
ent work. 

The use of the method for the char- 
acterization of pigments by their reflec- 
tance curves is illustrated in Fig. 2. Var- 
ious derivatives of respiratory pigments 
can be identified in the reflection spectra 
of tuna flesh that is exposed to a variety 
of oxidative environments. An advantage 
afforded by this technique is the possi- 
bility of evaluating the spectral absorb- 
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Fig. 1. Beer’s law plot for copper on 90- 
mesh crystalline alumina. 
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Fig. 2. Spectral reflectance curves a, mixed 
oxymyoglobin and metmyoglobin in tuna 
flesh; b, metmyoglobin in tuna flesh; c, 
oxyhemoglobin in whole blood. 


ance of opaque concentrated systems 
without recourse to the special cells, or 
to dilution in solution with its attendant 
possibility of alterations, that are em- 
ployed in transmission methods. For ex- 
ample, the spectrum of whole human 
blood can be directly determined using 
an inert crystalline alumina diluent (Fig. 
2c). 

Spectral reflectance is particularly 
suited to in situ studies on pigment sys- 
tems where extractive procedures are 
difficult or impossible or where such pro- 
cedures would cause undesirable changes. 
It is characteristically a simple technique 
in that a minimum of preparative and 
extractive operations is involved. Specifi- 
cally, absorbance studies on coagulated 
proteins were possible; in addition, the 
examination of residues after the extrac- 
tion of certain components gave a more 
complete picture of extraction efficiency 
and relative solubilities. Furthermore, 
one is able to follow the course of in- 
duced or natural chemical reactions in 
such systems. For the heme protein sys- 
tems studied, the wavelengths of absorp- 
tion maxima in reflection corresponded 
exactly to those found in transmission, 
and complete interchangeability of data 
was noted. Thus the large amount of 
data accrued from measurements in 
transmission would be available to work- 
ers in the field of reflectance in systems 
where this interrelationship is found to 
be true. 

The measurement of spectral reflec- 
tance offers a method for the study of 
dielectric materials that absorb and re- 
flect internally, as opposed to surface re- 
flectors such as metals. It is felt that this 
investigative tool merits the further at- 
tention of the biological and analytic 
worker. 

Joun J. NaucHTON 
MicHaet M. FropyMa 
Harry ZEITLIN 
Department of Chemistry, 
University of Hawaii, Honolulu 
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Reactions of Honey Bees 


in the Hive to Simple Sounds 


Beekeepers have known since before 
Aristotle (1) that honey bees (Apis melli- 
fera) produce characteristic sounds while 
engaged in certain activities. The pos- 
sible significance of these sounds for the 
bees has been a matter of debate (2, 3). 
Indeed, honey bees seem to be insensitive 
to air-borne sounds, although they are 
able to receive vibrations through the 
legs (3, 4). Hansson (3) has reported 
that bees in hives stopped normal activi- 


Table 1. Effects of sounds on honey bees 
in an observation hive: 0, no observable 
effects; +, bees move more slowly; +, the 
majority of the bees stop but some still 
move slowly; +++, almost all bees stop and 
remain motionless as long as the sound is 
on. The sound pressure for frequencies 
with +++ effect are minima needed to in- 
duce the effect; other sound pressures are 
the highest obtainable with the equipment. 


Fre- 


Sound 





quency pressure Effect 
(cy/sec ) (db) 
50 106 0 
80 115 0 
100 120 + 
150 125 “HE 
200 122 44 
300 119 +44 
400 118 444 
500 116 H+ 
600 107 ++ 
800 108 A 
1000 113 dy 
1500 124 +4 
2000 128 + 
3000 127 0 
4000 117 0 
6000 112 0 
8000 113 0 
10000 102 0 
122 


ties when they were subjected to pure 
tones at frequencies of 100 to 1500 cy/sec 
at rather high intensities (audible at dis- 
tances up to 250 m). The insects stopped 
moving when the sounds were turned on, 
but, if the sounds continued, began to 
move slowly within a few seconds. 

We have confirmed and extended these 
observations by finding that continuous 
irradiation of hives with sounds of cer- 
tain frequencies and of sufficient intensi- 
ties caused an almost total cessation of 
movement of workers and drones in the 
hives for up to 20 minutes (5). The 
quiescence of the bees was so complete 
that a beekeeper could safely open the 
hive and carry out routine servicing with- 
out the usual treatment with smoke. 

Sounds of known frequencies were 
produced by an audio oscillator that acti- 
vated through an amplifier either a loud- 
speaker (for frequencies below 400 cy/ 
sec) or a microphone (for higher fre- 
quencies) (6). The behavior of the 
honey bees, all of the Italian race, was 
observed in an ordinary glass-sided ob- 
servation hive. The speakers were usually 
placed about 0.5 to 1 m from the hive, 
but tests were also made with the speak- 
ers in contact with the hive. The results 
are given in Table 1. 

With sounds of sufficient intensity at 
frequencies of 300 to 1000 cy/sec, the 
bees stopped moving almost entirely as 
long as the sounds continued. The most 
effective frequencies were between 500 
and 800 cy/sec. Below 300 and above 
1000 cy/sec, the bees either showed re- 
duced activity or were not affected, even 
with intensities higher than those that 
sufficed at the proper frequencies. The 
bees returned almost immediately to nor- 
mal activities when the sound was dis- 
continued. There were no observable 
reactions to these sounds by bees at the 
entrance to the hive or by workers in 
the field. These observations support the 
idea that the sounds are received by the 
bees through the legs after the hive was 
caused to vibrate by absorption of the 
air-borne sound. The most effective fre- 
quencies in this case, however, were not 
those found by Autrum and Schneider 
(4) to be most effective in stimulating 
the subgenual organs in the legs of the 
honey bee. 

The results are like those of Hansson 
(3), except that cessation of activity at 
the intensities we used was almost com- 
plete and persisted as long as the sound 
continued. It is impossible to determine 
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from Hansson’s report the actual intensi- 
ties he used, but they were probably 
lower than those we used. 

Bees in standard beehives were tested 
with similar results. With the sounds on, 
the covers and supers of the hives were 
removed and the frames lifted out. The 
bees on the frames remained still as long 
as sounds of the proper frequencies and 
intensities continued. It was possible, 
therefore, to work in hives using only 
sound. This was done for about 2 months 
with three hives, using sound at a fre- 
quency of 600 cy/sec at about 120 db, 
which was projected from a speaker 
alongside the hive. There was no sign of 
habituation of bees to this sound. 

Certainly the equipment used to pro- 
duce these sounds is much more expen- 
sive than that needed for smoking hives. 
It is possible, however, that inexpensive 
vibrators attached to hives could be used. 
The high intensities of these sounds make 
some form of ear protection necessary, 
but free use of both hands in working in 
the hive is possible and there is no need 
for ventilation of the hive by the bees, 
as there is with smoke. Sound may thus, 
under special circumstances, have some 
use in apiculture. 

Husert Frincs 
FRANKLIN LITTLE 
Department of Zoology and Entomology, 
Pennsylvania State University, 
University Park, and Mount Desert 
Island Biological Laboratory, 
Salisbury Cove, Maine 
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Book Reviews 


Man’s Role in Changing the Face of the 
Earth. William L. Thomas, Jr., Ed. 
University of Chicago Press, Chicago, 
Ill., 1956. 1193 pp. Illus. $12.50. 


This weighty volume (actually 5 
pounds 9 ounces) contains the back- 
ground papers for, and summaries of, 
the discussions which took place in June 
1955 at Princeton, N.J., during an inter- 
national symposium made possible by 
funds from the Wenner-Gren Founda- 
tion for Anthropological Research, Inc., 
the printing of the proceedings being 
aided by a grant from the National Sci- 
ence Foundation of the United States of 
America. 

It is dedicated to George Perkins 
Marsh (1801-82), American statesman 
and scholar who in 1864 wrote of the 


need for caution in large-scale operations ° 


which modify the surface of the earth 
and suggested the importance of im- 
provement of waste and exhausted 
regions (Man and Nature; or, Physical 
Geography as Modified by Human Ac- 
tion). 

The symposium met at two sessions 
each of 6 days and was organized to 
consider, first, man’s tenure of the earth, 
the subsistence economies, commercial 
economies, and the industrial revolution 
with the developing urban dominance; 
then, environmental charges through 
forces independent of man, man’s effects 
on the waters of the earth, alteration of 
climatic elements, changes in soils 
through human use, modifications of 
biotic communities, ecology of wastes, 
and urban-industrial demands on land; 
followed by limits, as to materials and 
ideas, man’s self-transformation, and the 
unstable equilibrium of man in nature; 
ending with a session for summary re- 
marks by the three collaboration editors. 

The magnitude and range of the work 
may be judged from the fact that 53 au- 
thors contributed background papers and 
70 took part in the symposium. These 
were selected as thinking individuals 
from some 24 disciplines and ten coun- 
tries. 

A short review of such a wide-ranging 
work cannot do justice to any part of 
it, but reference may be made to a few 
selected points which leap to the eye. 
Only about ten generations separate us 
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from the beginning of the scientific revo- 
lution, but in this short space of time 
man has wrought such changes and has 
engendered such conditions that they 
challenge his continued existence. The 
so-called “Western world” is made up 
almost wholly of urbanized individuals 
who regard natural resources as exploi- 
tative and expendable in an era of “ex- 
panding prosperity,” with little or no 
thought for responsibility in the rapidly 
closing frontiers of the world. It was re- 
called that Putnam, in his Future of 
Energy said that half of the coal which 
has been burned in the whole history of 
the world has been burned in the United 
States in the last 30 years. Undoubtedly 
fossil fuels, after this century, will cease 
to exist in a practical sense. 

It was a good thing to have some 
members of older civilizations from 
maybe so-called “underdeveloped coun- 
tries” take part in the symposium to 
provide a balance to some of the more 
mechanical, technologic ideas prevalent 
in our own lands. Naturally there is some 
variation in the quality of the papers, but 
the general standard is high, and the vol- 
ume as a whole is so full of up-to-date 
and thought-provoking material that it 
will be an essential reference in every 
institution of learning. 

B. T. Dickson 


Canberra, Australia 


Engineering as a Career. Ralph J. Smith. 
McGraw-Hill, New York, 1956. 365 
pp. Illus. $4.75. 


This book, designed to serve as a guide 
for a two-unit orientation course of ap- 
proximately 32 meetings for freshmen 
engineering students, is organized in three 
parts: “The engineering profession,” 
“College training of the engineer,” and 
“The engineering sciences.” It is also 
suitable for a three-unit course in which 
more emphasis is placed on problems, 
many of which are listed in nearly every 
chapter. For a one-unit course the author 
suggests minimizing or omitting the treat- 
ment of the engineering sciences. 

It is my hope that no orientation 
course based on this book will completely 
omit the four chapters in this section, 


which give the student previews of engi- 
neering materials and mechanics, steam 
power, internal combustion engines and 
refrigeration, electric circuits and ma- 
chines, electronics, and engineering econ- 
omy. This material should be very help- 
ful in alleviating the common complaint 
of engineering freshmen that they “are 
not getting any engineering.” 

In the first five chapters of part one 
Ralph Smith develops and discusses defi- 
nitions of engineering and engineer and 
gives an excellent brief history of engi- 
neering, a thoughtful discussion of engi- 
neering as a profession, and well-written 
descriptions of the major fields of engi- 
neering. 

There follows a chapter, which is be- 
lieved to be unique among orientation 
textbooks, devoted to a discussion of the 
functions of engineering. The author 
points out that, while fields of engineer- 
ing (civil, electrical, chemical, and so 
forth) appeal to the engineer’s interests, 
the functions of engineering (research, 
design, production, and so forth) are 
more closely related to his aptitudes and, 
hence, are “more meaningful from the 
standpoint of career planning.” He then 
lists “in order of decreasing scientific em- 
phasis” the major engineering functions 
of research, development, design, con- 
struction, production, operation and 
maintenance, application and sales, in- 
dustrial, and management. He cautions 
that in industry various combinations of 
these functions are frequently found in 
the same department, or even in the same 
person. He then defines each function, 
discusses it in detail with illustrative ex- 
amples, and lists desirable personal quali- 
fications and type of training. 

Included is a discussion of the “engi- 
neering spectrum,” with a diagram indi- 
cating the relative extent to which each 
major function depends on each of the 
four major factors involved in engineer- 
ing—namely, ideas (abstract scientific 
concepts and principles), things (ma- 
chines, materials, structures, circuits), 
men (employees, associates, superiors, 
customers), and money (financing, costs, 
prices, profits). 

This chapter should prove highly valu- 
able to anyone who is responsible for the 
guidance of engineering students, but it 
seems regrettable that no mention is 
made of engineering teaching, a field of 
great and growing importance. 

Also worthy of special mention are 
Chapter 7, which discusses the relative 
roles of the scientist, the engineer, and 
the technician as members of “the tech- 
nical team,” and Chapter 15 on the engi- 
neering method of problem solution. This 
chapter could well be used much earlier 
in the course than is indicated by its 
position in the book, especially if much 
use is to be made of problems. 

The chapters on the economic status of 
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the engineer and the cost and value of a 
college education are provocative, al- 
though the teacher using the book as a 
textbook will do well to check the data 
presented, which change quite rapidly. 
Other stimulating chapters are those on 
“Oral and written reports,” “Engineer- 
ing drawings and graphs,’ and “Num- 
bers, symbols, and mathematical tools.” 
On the whole this book, while it might 
be improved by certain rearrangements 
of material, is a valuable addition to the 
growing literature on the orientation of 
prospective engineers. 
Henry H. Armssy 
U.S. Office of Education 


The American Experiences of Swedish 
Students. Retrospect and aftermath. 
Franklin D. Scott. University of Min- 
nesota Press, Minneapolis, 1956. 129 
pp. $3. 


Every year more than 30,000 foreign 
students come to the United States to 
spend some time in American institutions 
of higher education. The Social Science 
Research Council has launched a re- 
search program “that might lead to 
better understanding of the complex 
processes involved in cross-cultural edu- 
cation.” The study reported in this book 
is part of this SSRC program, Franklin 
Scott has visited Sweden studying Swedes 
who have visited the United States. 

Scott is an alert and sympathetic ob- 
server of Americans and Swedes, and his 
book is full of insights. One is a little 
disappointed, however, that the author 
has not utilized social-science methods 
more efficiently so as to bring his insights 
beyond the impressionistic stage. It is 
surprising to hear a social scientist say 
that “the study trip abroad is essentially 
an individual phenomenon which de- 
fies classification” and that “the simplest 
way to present the results would be 
through a series of biographical analy- 
ses.” This would be to reject the chal- 
lenge of science. 

Fortunately, the reader is not pre- 
sented with a series of unrelated case 
histories. Despite the quoted declaration, 
Scott does indeed set out to generalize 
as best he can, on the basis of impressions 
gained from extensive interviewing and 
reading. 

Thus the Swedes are reported to be 
annoyed at the American university sys- 
tem, which does not allow the students 
the same degree of independence as do 
Swedish universities. (But even so, Swed- 
ish educational reforms are much influ- 
enced by American practices.) The 
Swedes are also indignantly commenting 
upon sex relations in America, which 
they characterize as “prime example of 
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American immorality and hypocrisy”; 
while Sweden “emphasizes the inevita+ 
bility and naturalness of sex.” 
Comparing interpersonal relations 
more generally, the United States comes 
out best: “The Swedes . . . are accus- 


tomed to a frigid correctness of manners; cs 


the cheerfulness and easy friendliness of 
Americans show them a new way of 
meeting people, and make a universal 
appeal.” Visiting Swedes are also im- 
pressed by American ability to work in 
groups; the following example illustrates 
the point almost too well: “In one Swed- 
ish community two research institutions 
exist almost side by side: one is domi- 
nated by an academic dictator and rent 
by bitterness; the other is led in coopera- 
tive spirit by a scholar who had partici- 
pative experience in two of the best 
American research institutes, and its at- 
mosphere is happy, its work effective.” 

These illustrations will have to suffice 
to indicate the flavor of the report. Al- 
though this may not be social science at 
its most advanced stage, it is interesting 
and suggestive reading. 

SVERRE LysGAARD 

Institute for Social Research, Oslo 


Engineering Mathematics. Kenneth S. 
Miller. Rinehart, New York, 1956. 
417 pp. Illus. $6.50. 


In this book the author has not tried 
to be encyclopedic but has made a co- 
herent and useful selection from the pos- 
sible topics. Apparently intended mainly 
for electrical engineers, the book meets 
the current standards of mathematical 
rigor for courses with a similar title at 
the junior, senior, and graduate levels. 
Thus, heuristic arguments are empha- 
sized, and physical applications are often 
used to guide the mathematics. Certain 
mathematical niceties are included in the 
appendices. The major portion of the 
book is concerned with methods for the 
solution of linear ordinary and partial 
differential equations. The chapters on 
networks and random functions will 
doubtless be attractive features when the 
major emphasis in such a course is on 
linear equations. The book seems to be a 
sound and teachable treatment. 


The chapter titles and comment 
thereon are as follows: “Determinants 
and matrices”; “Integrals. Introduction 


of special functions”; “Linear differen- 
tial equations. Includes Green’s function 
and series solutions”; “Fourier series and 
integrals”; “Laplace transform”; “Net- 
work theory”; and “Random functions.” 
M. E. SHANKs 
Departments of Mathematics and 
Aeronautical Engineering, 
Purdue University 


New Books 


Advances in Cancer Research. vol. 4, 
Jesse P. Greenstein and Alexander Had. 
dow. Academic Press, New York, 1956, 
416 pp. $10. 

Metallurgy and Fuels. Series V, Prog. 
ress in Nuclear Energy. H. M. Finniston 
and J. P. Howe. McGraw-Hill, New 
York; Pergamon, London, 1956. 805 pp. 
$21. 

A World Geography of Forest Re- 
sources, Edited for the American Geo- 
graphical Society by Stephen Haden- 
Guest, John K. Wright, Eileen M. Teclaff. 
Ronald Press, New York, 1956. 736 pp. 
$12.50. 

The Liassic Therapsid Oligokyphus, 
Walter G. Kuhne. British Museum (Nat- 
ural History), London, 1956. 149 pp. £4. 

The Great Chain of Life. Joseph W. 
Krutch. Houghton Mifflin, Boston, 1957. 
227 pp. $3.75. 

Natural History of Birds. A guide to 
ornithology. Leonard W. Wing. Ronald 
Press, New York, 1956. 539 pp. $6.75. 

Heredity and Your Life. An account of 
everyday human inheritance. A. M. Win- 
chester. Vantage Press, New York, 1956. 
333 pp. $5. 

Pharmacognosy. Edward P. Claus, Ed. 
Lea & Febiger, Philadelphia, ed. 3, 1956. 
731 pp. $12.50. 

Intercrossing among Pink Calla, White- 
Spotted Calla and Yellow Calla. Ryohitsu 
Shibuya. The author, 1430 Grant Rd., 
Mountain View, Calif., 1956. 62 pp. 

Electronic Computers, Principles and 
Applications. T. E. Ivall. Iliffe, London; 
Philosophical Library, New York, 1956. 
167 pp. $10. 

Straight to the Heart. A personal ac- 
count of thoughts and feelings while un- 
dergoing heart surgery. George Lawton. 
International Universities Press, New 
York, 1956. 347 pp. $5. 

Mind and the World-Order. Clarence 
I. Lewis. Dover, New York, 1956 (un- 
abridged republication of ed. 1). 446 pp. 
Paper, $1.95. 


Miscellaneous Publications 


(Inquiries concerning these publications should be 
addressed, not to Science, but to the publisher or 
agency sponsoring the publication.) 

Systematics of the Suborder Tubulifera 
(Thysanoptera) in California. Publ. in 
Entomology, vol. 13. H. Edwin Cott. Uni- 
versity of California Press, Berkeley, 1956. 
216 pp. $3.50. 

Mammals of the Anglo-Egyptian Sudan. 
No. 3377. Proc. of the U.S. National Mu- 
seum, vol. 106. Henry W. Setzer. Smith- 
sonian Institution, Washington, 1956. 141 
pp. 

Rabbits. A subject bibliography. Special 
Bibliography No. 3. Laura I. Makepeace. 
Bibliographical Center for Research, Den- 
ver Public Library, Denver, Colo. 1956. 
81 pp. $2. 

Resources for the Future, Annual Re- 
port. For the year ending 30 Sept. 1956. 
Resources for the Future, 1145 19 St., 
NW, Washington, 1956. 85 pp. 
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Meetings and Societies 


Psychobiological Development 
of the Child 


In 1953 the World Health Organiza- 
tion created a study group to “discuss the 
influences of biological, psychological, 
and cultural factors in development.” 
The interdisciplinary and international 
group included, among others, J. Bowlby 
(London), E. Erikson (Stockbridge), G. 
R. Hargreaves (Leeds), B. Inhelder 
(Geneva), E. E. Krapf (Geneva), K. 
Lorenz (Seewiesen), M. Mead (New 
York), K. A. Melin (Stockholm), M. 
Monnier (Geneva), J. Piaget (Sor- 
bonne), A. Rémond (Paris), Jj. M. 
Tanner (London), W. Grey Walter 
(London), R. Zazzo (Paris). 

The scope of the conference was to re- 
view the field from its various aspects, 
such as somatic growth, electroencephal- 
ography, child psychology, theory of 
instinct, psychoanalysis, and cultural an- 
thropology, with an attempt to coordi- 
nate the results obtained in these various 
branches of science. Under the able 
chairmanship of F, Fremont-Smith 
(Macy Foundation), the meetings devel- 
oped in the form of idea conferences, 
formal presentations being limited, and 
emphasis placed on free discussion. 

Piaget summarized the principal prob- 
lems arising from the material presented 
in the first three sessions in a number of 
questions, of which the following may be 
mentioned. Factors of development: Be- 
sides the traditional three main factors 
in development, hereditary, environmen- 
tal, and social, a fourth factor, successive 
“equilibrium stages,” should be envis- 
aged. Search for a common language: In 
view of the difficulties of interdisciplinary 
communication and understanding, the 
question whether conceptual models 
translatable from one realm to another 
can be found becomes imperative. Stages 
of development versus continuous devel- 
opment: Is development a continuous 
process, or does it take place in a series 
of steps or stages, and how far is either 
concept applicable to development as a 
whole and to individual developmental 
processes? Cognitive and affective aspects 
of development: How far can the devel- 
opment of cognitive functions (as studied 
by Piaget and his school) be correlated 
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with the developmental stages indicated 
by psychoanalysis? 

The fourth meeting, held in Geneva 
20-26 Sept. 1956, was devoted to a dis- 
cussion of these and related questions. 
Among other presentations, Inhelder, 
Piaget, and Noelting showed a film 
(Cognitive Development of the Child) 
which vividly illustrates the highlights of 
the research done by Piaget and cowork- 
ers (development of notions of space, of 
conservation, of reasoning). Bowlby pre- 
sented material related to mother-child 
separation. Erikson reviewed social as- 
pects of psychoanalysis. Monnier com- 
pared the development of the electro- 
encephalographic pattern in the child 
with Piaget’s stages of the development 
of cognitive functions. Bertalanffy pre- 
sented general system theory as a possible 
means of a “common language” and dis- 
cussed symbolism as a_ characteristic 
unique to man and not sufficiently taken 
into account by conventional psycho- 
analytic theory. 

The fourth conference was planned to 
be the final one, but in view of many re- 
maining problems ard new viewpoints 
brought into discussion, a continuation of 
the study group is envisaged. The pro- 
ceedings of the meetings are published 
under the title Discussion on Child De- 
velopment (J. M. Tanner and B. In- 
helder, editors) by Tavistock Publica- 
tions, Ltd., London, of which the first 
and second volumes have appeared, and 
the consecutive volumes are to follow 
soon. 

Lupwic von BERTALANFFY 
Mount Sinai Hospital and Clinic, 
Los Angeles, California 


Meeting Notes 


|The first Pan American Cancer Cy- 
tology Congress will be held in Miami 
Beach, Fla., 25-29 Apr. The State De- 
partment has invited the Ministries of 
Health of the 21 nations of the Western 
Hemisphere to send representatives to 
the meeting. 

Recent advances in basic cancer re- 
search will be surveyed by experts from 
countries of North and South America. 
Special emphasis will be placed upon 


gynecological cancer and the revolution- 
ary role of cervical cytology as a screen- 
ing test for uterine cancer, which was 
recently perfected for population screen- 
ing. The role of cytodiagnosis in improv- 
ing surgical treatment in lung, prostatic, 
and gastrointestinal cancer will be dis- 
cussed. Of special interest to practition- 
ers of medicine will be explanations of 
procedural details and methodology for 
the application of cytodiagnosis for early 
detection of cancer in the physician’s 
office. 

Those who wish to present papers at 
the Congres: should apply to the pro- 
gram chairman, Dr. Wayne Rogers, P.O. 
Box 633, Coral Gables, Fla. Address in- 
quiries about scientific exhibits or mov- 
ing picture presentations to the chair- 
man, Dr. Homer L. Pearson, P.O. Box 
633, Coral Gables, Fla. 


® An Electronic Components Symposium 
will be held at the Morrison Hotel in 
Chicago 1-3 May. The meeting is spon- 
sored annually by the American Institute 
of Radio Engineers, the Radio-Electron- 
ics-Television manufacturers Association, 
and the West Coast Electronic Manufac- 
turers Association, with the active par- 
ticipation of agencies of the Department 
of Defense and the National Bureau of 
Standards. 

Papers will be given in eight areas: 
high-temperature components, radiation 
effects, component reliability, passive 
components, active components, instru- 
mentation and measurements, materials 
development, and general component 
needs. Further information can be ob- 
tained by writing to J. S. Powers, Elec- 
tronic Components Symposium, 84 E. 
Randolph St., Chicago 1, Ill. 


™Stanford University School of Medi- 
cine will present a Postgraduate Confer- 
ence in Surgery from 18 Mar. through 22 
Mar. 1957. Registration is unlimited and 
will be open to holders of the M.D. de- 
gree. 

Patients with common surgical prob- 
lems will be presented. The surgical anat- 
omy of the region under consideration 
will be demonstrated while the patient 
is taken to surgery. After the anatomical 
demonstration the operation will be 
broadcast in black and white television. 
Programs and further information may 
be obtained: from the Office of the Dean, 
Stanford University School of Medicine, 
2398 Sacramento St., San Francisco 15, 
Calif. 


™The annual Institute of Radio Engi- 
neers National Convention and Radio 
Engineering Show will be held at the 
Waldorf-Astoria Hotel and the New 
York Coliseum 18-21 Mar. A program 
of 55 technical sessions is being set up 
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by the Technical Program Committee 
with the assistance of all the IRE pro- 
fessional groups. Two highlight sessions, 
“Future use of air space” and “Micro- 


miniaturization—the ultimate _ tech- 
nique,” will be held the evening of 19 
Mar. All four floors of the Coliseum will 
be set aside for the use of 840 exhibitors 
at the Radio Engineering Show. 


= The nation’s first comprehensive dem- 
onstration of systems presently in use for 
the organization, storage, and retrieval 
of recorded information, together with 
a symposium on_ information-handling 
problems and techniques, will be pre- 
sented at Western Reserve University in 
Cleveland, Ohio, 15-17 Apr. The activi- 
ties will be sponsored by the School of 
Library Science of Western Reserve Uni- 
versity in conjunction with its Center for 
Documentation and Communication Re- 
search, and by the Council on Documen- 
tation Research, a group recently formed 
by representatives of organizations in 
government, industry, and education to 
promote cooperation among those con- 
cerned with information, 

Further information may be obtained 
from Dean Jesse H. Shera, School of 
Library Science, Western Reserve Uni- 
versity, Cleveland 6, Ohio. 


=A Symposium on Nondestructive Tests 
that have been developed in the Field of 
Nuclear Energy will be held at the Morri- 
son Hotel in Chicago, IIl., 16-18 Apr. 
The symposium is being sponsored jointly 
by the American Institute of Chemical 
Engineers, the American Nuclear So- 
ciety, the American Society for Testing 
Materials, and the Society for Nonde- 
structive Testing. 

The results of 15 years of research and 
development in testing applications in 
the nuclear field will be presented to 
persons who are interested in the indus- 
trial applications of nondestructive test 
methods. The recently declassified pa- 
pers presented will be divided into three 
categories: (i) reactor materials, includ- 
ing fuel, sheath or cladding, control, and 
moderator material; (ii) complete fuel 
assemblies; and (iii) miscellaneous. 

Papers will be presented in the morn- 
ing and afternoon sessions each day, and 
in the evenings of the first and second 
days there will be panel discussions in 
which the authors on the day’s program 
will take part. The chairman of the sym- 
posium is W. J. McGonnagle, Argonne 
National Laboratory. 


#A symposium on the formation and 
stabilization of free radicals will be held 
at the National Bureau of Standards 
18-20 Sept. The meeting will be spon- 
sored jointly by the Applied Physics 
Laboratory of Johns Hopkins University, 
Catholic University of America, and the 
National Bureau of Standards. 
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Recent advances in low-temperature 
physics, high-polymer research, and other 
fields have stimulated interest in the iso- 
lation and study of free radicals. A num- 
ber of industrial, Government, and uni- 
versity laboratories are now conducting 
research programs on free radicals. The 
programs should yield results of broad 
significance in basic chemistry and phys- 
ics. The September conference is ex- 
pected to provide a valuable medium for 
exchange of information in this rapidly 
growing field. Further information on the 
program may be obtained from Dr. A. M. 
Bass, Free Radicals Research Section, 
National Bureau of Standards, Washing- 
ton 25, D.C. 


Society Elections 


@ AAAS Alaska Division: pres., Victor 
P. Hessler, University of Alaska; v. pres., 
Frank Pauls, Territorial Department of 
Health; sec., Clyde J. Beers, U.S. Coast 
and Geodetic Survey, College, Alaska; 
treas., John Buckley, University of 
Alaska. Representative to the AAAS 
Council is C. T. Elvey. 


® American Public Health Association: 
pres., John W. Knutson, Assistant Sur- 
geon General, U.S. Public Health Serv- 
ice; pres.-elect, Roy J. Morton, Oak 
Ridge National Laboratory; _ treas., 
Charles Glen King, Nutrition Founda- 
tion Inc.; exec.-sec., Reginald M. At- 
water, APHA, 1790 Broadway, New 
York, N.Y. 


® Oklahoma Academy of Science: pres., 
D. E. Howell, Oklahoma Agricultural 
and Mechanical College; v. pres., George 
Goodman, University of Oklahoma; sec.- 
treas., Philip Smith, Oklahoma Univer- 
sity School of Medicine; permanent sec., 
J. Teague Self, University of Oklahoma. 


™ Academy Conference: pres., Thelma 
C. Heatwole, Staunton, Va.; pres.-elect, 
John Yarborough, Meredith College, 
Raleigh, N.C.; sec., John G. Arnold, 
Loyola University, New Orleans, La. 


Forthcoming Events 


February 


10-12. Canadian Ceramic Soc., 55th 
annual, Niagara Falls, Ont., Canada. (L. 
C. Keith, 49 Turner Road, Toronto, 
Ont.) 

14, Present Status of Heart Sound Pro- 
duction and Recording, symp., Buffalo, 
N.Y. (R. M. Kohn, Univ. of Buffalo, 2183 
Main Street, Buffalo 14, N.Y.) 

14, Significance of Nucleic Acid De- 
rivatives in Nutrition, Assoc. of Vitamin 
Chemists, Chicago, Ill. (M. Freed, Dawe’s 
Laboratories, Inc., 4800 S. Richmond St., 
Chicago 32.) 

14-15. Transistor Circuits, conf., Phila- 


delphia, Pa. (G. H. Royer, Westinghouse 
Electric Corp., 356 Collins Ave., Pitts. 
burgh 6, Pa.) 

15-16. National Soc. of Professional 
Engineers, Charleston, S.C. (P. H. Rob. 
bins, 2029 K St., NW, Washington 6.) 

15-17. National Assoc. for Research in 
Science Teaching, annual, Atlantic City, 
N.J. (C. M. Pruitt, Univ. of Tampa, 
Tampa, Fla.) 

16. Management of Acute Myocardial 
Infarction, symp., American College of 
Cardiology, New York, N.Y. (P. Reichert, 
Secy., ACC, Empire State Bldg., New 
York. ) 

18-20. American Educational Research 
Assoc., annual, Atlantic City, N. J. (F. W. 
Hubbard, AERA, 1201 16 St. NW, 
Washington 6.) 

18-22. American Soc. of Civil Engi- 
neers, Jackson, Miss. (W. H. Wisely, 
ASCE, 33 W. 39 St., New York 18.) 

18-22. Endocrinology: Hormones in 
Blood, Ciba Found. Colloq. (by invita- 
tion), London, England. (G. E. W. Wol- 
stenholme, 41 Portland Place, London.) 

21-23. National Soc. of College Teach- 
ers of Education, annual, Chicago, Ill. (C. 
A. Eggertsen, School of Education, Univ, 
of Michigan, Ann Arbor.) 

23. American Mathematical Soc., New 
Haven, Conn. (J. H. Curtiss, AMS, 190 
Hope St., Providence 6, R.I.) 

23. Oregon Acad. of Science, annual, 
Monmouth, (F. A. Gilfillan, Oregon State 
College, Corvallis. ) 

24-28. American Inst. of Mining, 
Metallurgical and Petroleum Engineers, 
annual, New Orleans, La. (E. O. Kirk- 
endall, AIME, 29 W. 39 St., New York 
18.) 

24-28. International College of Sur- 
geons, 10th biennial cong., Mexico, D-F,, 
Mexico. (M. Thorek, ICS, 850 W. Irving 
Park Rd., Chicago 13, Ill.) 

25-28. American Soc. of Heating and 
Air-Conditioning Engineers, Chicago, II. 
(A. V. Hutchinson, ASHAE, 62 Worth 
St., New York 13.) 

26-28. Western Joint Computer Conf. 
Los Angeles, Calif. (M. J. Mendelson, 
Norden-Ketay Corp., 13210 Crenshaw 
Blvd., Gardena, Calif.) 


March 


1-2. American Physical Soc., Norman, 
Okla. (K. K. Darrow, Columbia Univ., 
New York 27.) 

1-3. National Wildlife Federation, an- 
nual, Washington, D.C. (C. H. Callison, 
232 Carroll St., NW, Washington 12.) 

3-6. American Inst. of Chemical En- 
gineers, White Sulphur Springs, W.Va. 
(F, J. Van Antwerpen, AIChE, 25 W. 45 
St., New York 36.) 

3-9. American Soc. of Photogrammetry, 
23rd annual, joint with American Cong. 
on Surveying and Mapping, 17th annual, 
Washington, D.C. (C. E. Palmer, ASP, 
1515 Massachusetts Ave., NW, Washing- 
ton 5.) 

4, Wildlife Soc., annual, Washington, 
D.C. (D. L. Leedy, Fish and Wildlife 
Service, Dept. of the Interior, Washington 


4-6. National Biophysics Conf., Colum- 
bus, Ohio. (H. P. Schwan, School of Med- 
icine, Univ. of Pennsylvania, Philadelphia 
4.) 
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4-8. Analytical Chemistry and Applied 
Spectroscopy, Pittsburgh, Pa. (L. M. Mel- 
nick, U.S. Steel Corp., Applied Research 
Lab., Monroeville, Pa.) 

7-9. American Orthopsychiatric Assoc., 
34th annual, Chicago, Ill. (M. F. Langer, 
AOA, 1790 Broadway, New York 19.) 

7-9. Fundamental Cancer Research, 
11th annual symp., Houston, Tex. (L. 
Dmochowski, M. D. Anderson Hospital, 
Texas Medical Center, Houston 25.) 

7-9. Optical Soc. of America, semian- 
nual, New York, N.Y. (S. S. Ballard, 
Scripps Inst. of Oceanography, San Diego 
52, Calif. ) 

10-16. Nuclear Engineering and Sci- 
ence Cong., 2nd, Philadelphia, Pa. (En- 
gineers Joint Council, 29 W. 39 St., New 
York 18.) 

11-15. National Assoc. of Corrosion 
Engineers, 13th annual, St. Louis, Mo. (R. 
T. Effinger, Shell Oil Co., Deer Park Re- 
finery, Houston, Tex.) 

13-15. Society of Exploration Geo- 
physicists, 10th annual midwestern, Fort 
Worth, Tex. (G. A. Grimm, Tide Water 
Associated Oil Co., Box 2131, Midland, 
Tex.) 

14, Effect of Radiation on Foods, As- 
soc. of Vitamin Chemists, Chicago, II. 
(M. Freed, Dawe’s Laboratories, Inc., 
4800 S. Richmond St., Chicago 32.) 

15. Fats in Human Nutrition, AMA 
symp., New Orleans, La. (Council on 
Foods and Nutrition, American Medical 
Assoc., 535 N. Dearborn, Chicago 10, Ill.) 

18-21. Institute of Radio Engineers, 
natl. convention, New York, N.Y. (B. 
Warriner, IRE, 1 E. 79 St., New York 
21.) 

19-21. American Meteorological Soc., 
151st national, Chicago, Ill. (K. C. 
Spengler, AMS, 3 Joy St., Boston 8, 
Mass. ) 

20-22. National Health Forum, Cin- 
cinnati, Ohio. (National Health Council, 
1790 Broadway, New York 19.) 
~ 20-23. National Science Teachers As- 
soc., annual, Cleveland, Ohio. (R. H 
Carleton, NSTA, 1201 16 St., NW, Wash- 
ington 6.) 

21-23. American Physical Soc., Phila- 
delphia, Pa. (K. K. Darrow, APS, Co- 
lumbia Univ., New York 27, N.Y.) 

21-23. International Assoc. for Dental 
Research, annual, Atlantic City, N.J. (D. 
Y. Burrill, 129 E. Broadway, Louisville 2, 
Ky.) 

21-23. Michigan Acad. of Science, Arts 
and Letters, annual, Detroit, Mich. (R. 
F. Haugh, Dept. of English, Univ. of 
Michigan, Ann Arbor. ) 

22-23. Heart: Law-Medicine Problem, 
Cleveland, Ohio. (O. Schroeder, Jr., Law- 
Medicine Center, Western Reserve Univ., 
Cleveland 6.) 

23-28. American Soc. of Tool Engi- 
neers, 25th annual, Houston, Tex. (R. 
Gebers, 10700 Puritan, Detroit 38, Mich.) 

24-27. American Assoc. of Dental 
Schools, annual, Atlantic City, N.J. (M. 
W. McCrea, 42 S. Greene St., Baltimore 
1, Md.) 

25-28. American Acad. of General 
Practice, 9th annual scientific assembly, 
St. Louis, Mo. (M. F. Cahal, AAGP, Vol- 
ker Blvd. at Brookside, Kansas City 12, 
Mo.) 
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25-29. Western Metal Exposition and 
Congress, 10th, Los Angeles, Calif. (W. 
H. Eisenman, 7301 Euclid Ave., Cleve- 
land 3, Ohio.) 

26-28. Mechanisms for the Develop- 
ment of Drug Resistance in Microorgan- 
isms, Ciba Foundation Symp. (by invita- 


tion), London, England. (G. E. W. 
Wolstenholme, 41 Portland Pl., London, 
W.1.) 


26-28. Weather Radar Conf., 6th, 
sponsored by American Meteorological 
Soc., Cambridge, Mass. (K. C. Spengler, 
3 Joy St., Boston 8, Mass.) 

27-29. American Power Conf., 19th 
annual, Chicago, Ill. (R. A. Budenholzer, 
Illinois Inst. of Technology, 35 W. 33 St., 
Chicago 16.) 

27-29. National Committee on Alcohol- 
ism, annual, Chicago, Ill. (Miss E. Jensen, 
NCA, 2 E. 103 St., New York 29.) 

31-9. Pan American Cong. of Social 
Work, 3rd, San Juan, P.R. (Mrs. M. Velez 
de Perez, Apartado 3271, San Juan.) 


April 


1-4. American Assoc. of Petroleum 
Geologists, 42nd annual, St. Louis, Mo. 
(R. H. Dott, AAPG, Box 979, Tulsa, 
Okla. ) 

1-4, International Anesthesia Research 
Soc., cong., Phoenix, Ariz. (A. W. Friend, 
Wade Park Manor, Cleveland 6, Ohio.) 


1-5. Assoc. of American Geographers, 
annual, Cincinnati, Ohio (B. W. Adkin- 
son, Reference Dept., Library of Congress, 
Washington 25.) 

5-6. American Mathematical Soc., New 
York, N.Y. (J. H. Curtiss, AMS, 190 Hope 
St., Providence 6, R.I.) 

7-10. Pan American Assoc. of Ophthal- 
mology, 4th interim cong., New York, 
N.Y. (B. F. Payne, 17 E. 72 St., New 
York 21.) 

7-12. American Chemical Soc., Miami, 
Fla. (A. H. Emery, ACS, 1155 16 St., 
NW, Washington 6.) 

8. Phi Lambda Upsilon, Miami, Fla. 
(T. B. Cameron, Dept. of Chemistry, 
Univ. of Cincinnati, Cincinnati 21, Ohio.) 

8-10. American Soc. of Mechanical 
Engineers, spring, Birmingham, Ala. (C. 
E. Davies, ASME, 29 W. 39 St., New 
York 18.) 

8-12. Food Bacteriology, internatl. 
symp., Cambridge, England. (Dr. Mossel, 
Central Inst. for Nutrition Research 
T.N.O., Catharijnesingel 61, Utrecht, 
Netherlands. ) 

8-12. Surface Activity, 2nd world cong., 
London, England. (Congress Secy., 14 
Belgrave Sq., London, S.W. 1.) 

9-10. Industrial Electronics Education 
Conf., annual, Chicago, Ill. (E. A. Rob- 
erts, Armour Research Foundation, IIli- 
nois Inst. of Technology, Chicago 16.) 

10-12. Nuclear Instrumentation Conf., 
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natl., 
ment Soc. of America, 313 Sixth Ave., 
Pittsburgh, Pa.) 

10-13. Conference on Embryology and 


Atlanta, Ga. (H. Kindler, Instru- 


Experimental Morphology, Cambridge, 
England. (D. R. Newth, Dept. of Zoology, 
University College London, Gower St., 
London W.C. 1.) 

11-13. Southwestern Inst. of Radio En- 
gineers Conf. and Electronics Show, 9th 
annual, with 2nd National Simulation 
Conf., Houston, Tex. (F. C. Smith, Jr., 
Box 13058, Houston 19.) 

12-13. Colorado-Wyoming Acad. of 
Science, annual, Fort Collins, Colo. (O. 
W. Olsen, Colorado A.&M. College, Fort 
Collins. ) 

12-13. Eastern Psychological Assoc., 
annual, New York, N.Y. (G. G. Lane, 
Dept. of Psychology, Univ. of Delaware, 
Newark. ) 

12-13. New Orleans Acad. of Sciences, 
New Orleans, La. (A. Welden, Dept. of 
Biology, Newcomb College, New Orleans. ) 

12-14. American Assoc. for Cancer Re- 
search, Chicago, Ill. (H. J. Creech, Inst. 
for Cancer Research, Fox Chase, Phila- 
delphia 11, Pa.) 

12-14. American Assoc. of Physical 
Anthropologists, annual, Ann _ Arbor, 
Mich. (J. H. Spuhler, Dept. of Human 
Genetics, Univ. of Michigan Medical 
School, Ann Arbor.) 

12-14, National Speleological Soc., 
Natural Bridge, Va. (Mrs. M. McKenzie, 
















Another Lab favorite! 


Nalgene [HH] 
Nestable BEAKERS 


Extra heavy weight with 
broad easy pouring spouts. 
Nominal capacity is 
molded into each piece. 
May be used on 

steam bath. 


1407 Hickory Ct., 
Church, Va.) 

13. South Carolina Academy of Science, 
annual, Columbia (Miss M. Hess, Box 114, 
Winthrop College, Rock Hill, S.C.) 

14-20. American Physiological Soc., 
Chicago, Ill. (M. O. Lee, APS, 9650 Wis- 
consin Ave., NW, Washington 14.) 

15-17. Systems for Information Re- 
trieval, symp., Cleveland, Ohio. (J. H. 
Shera, School of Library Science, Western 
Reserve Univ., Cleveland 6.) 

15-18. American Personnel and Guid- 
ance Assoc. and constituent divisions: 
American College Personnel Assoc., Amer- 
ican School Counselor Assoc., National 
Assoc. of Guidance Supervisors and Coun- 
selor Trainers, National Vocational Guid- 
ance Assoc., Student Personnel Assoc. 
for Teacher Education; Detroit, Mich. 
(A. A. Hitchcock, APGA, 1534 O St. 
NW, Washington 5.) 

15-18. Host-Specificity and Parallel 
Evolution among Parasitic Insects and 
Worms, symp., Neuchatel, Switzerland. 
(J. G. Baer, C.P. 2, Neuchatel 7.) 

15-19. American Assoc. of Immunolo- 
gists, annual, Chicago, Ill. (F. S$. Cheever, 
Graduate School of Public Health, Univ. 
of Pittsburgh, Pittsburgh 13, Pa.) 

15-19. American Soc. for Experimental 
Pathology, annual, Chicago, Ill. (C. C. 
Erickson, Inst. of Pathology, Univ. of 
Tennessee, 858 Madison Ave., Memphis. ) 

15-19. American Soc. for Pharmacology 


Broyhill Park, Falls 
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Ware, you'll find 
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and Experimental Therapeutics, Chicago, 
Ill. (H. Hodge, Dept. of Pharmacology, 
Univ. of Rochester, Rochester, N.Y.) 

15-19. Federation of American Socie- 
ties for Experimental Biology, annual, 
Chicago, Ill. (M. O. Lee, FASEB, 9650 
Wisconsin Ave., Washington 14.) 

15-19. High Energy Nuclear Physics 
Conf., 7th annual, Rochester, N.Y. (R., 
Marshak, Univ. of Rochester, Rochester.) 

15-20. American Inst. of Nutrition, an- 
nual, Chicago, Ill. (R. W. Engel, Dept. 
of Biochemistry and Nutrition, Virginia 
Polytechnic Inst., Blacksburg 13, Va.) 

16-18. Nuclear Tests for Nondestruc- 
tive Testing Applications, symp., Chicago, 
Ill. (American Soc. for Testing Materials, 
1916 Race St., Philadelphia 3, Pa.) 

17-19. American Assoc. of Anatomists, 
annual, Baltimore, Md. (L. B. Flexner, 
School of Medicine, Univ. of Pennsyl- 
vania, Philadelphia 4.) 

18-20. Assoc. of Southeastern Biologists, 
annual, Athens, Ga. (J. C. Dickinson, Jr., 
Univ. of Florida, Gainesville. ) 

18-20. Ohio Acad. of Science, annual, 
Bowling Green. (R. W. Dexter, Dept. of 
Biology, Kent State Univ., Kent, Ohio.) 

18-20. Southern Soc. for Philosophy 
and Psychology, annual, Gatlinburg, 
Tenn. (W. B. Webb, U.S. Navy School of 
Aviation Medicine, Pensacola, Fla.) 

18-20. Venereal Disease Postgrad. 
Conf., 26th, Memphis, Tenn. (H. Packer, 
Dept. of Preventive Medicine, Univ. of 
Tennessee College of Medicine, Memphis 
3°) 

19-20. Arkansas Acad. of Science, an- 
nual, Fayetteville. (L. F. Bailey, Univer- 
sity of Arkansas, Fayetteville. ) 

19-20. Seismological Soc. of America, 
annual, Los Angeles, Calif. (P. Byerly, 
Bacon Hall, Univ. of California, Berke- 
ley 4.) 

23-25. Chemistry and Biology of Muco- 
polysaccharides, Ciba Foundation Symp. 
(by invitation only), London, England. 
(G. E. W. Wolstenholme, 41 Portland Pl., 
London, W.1.) 

23-25. Solid State Devices in Electric 
Circuits, symp., New York, N.Y. (J. Gries- 
mann, Microwave Research Inst., 55 
Johnson St., Brooklyn 1, N.Y.) 

23-26. American Industrial Hygiene 
Assoc., annual, St. Louis, Mo. (G. D. 
Clayton, AIHA, 14125 Prevost, Detroit 
27, Mich. ) 

24-26. Purity Control by Thermal 
Analysis, IUPAC, Amsterdam, Nether- 
lands. (W. M. Smit, Central Inst. for 
Physico-Chemical Constants, Biltstraat 
172, Utrecht, Netherlands. ) 

25-27. American Physical Soc., Wash- 
ington, D.C. (K. K. Darrow, APS, Co- 
lumbia Univ., New York 27.) 

25-29. Pan American Cancer Cytology 
Cong., Miami, Fla. (J. E. Ayre, New York 
Univ., New York, N.Y.) 

26-27. American Assoc. of University 
Professors, annual, New York, N.Y. (R. 
F. Fuchs, AAUP, 1785 Massachusetts 
Ave., NW, Washington 6.) 

26-27. Iowa Acad. of Science, annual, 
Cedar Falls. (J. L. Laffoon, Dept. of Zool- 
ogy and Entomology, Iowa State College, 
Ames. ) 

26-27. Kentucky Acad. of Science, 
Mammoth Cave. (G. Levey, Berea Col- 
lege, Berea, Ky.) 


SCIENCE, VOL, 125 














































































gO, 
sy, 
ia Geared to your needs... 
ual, 
650 
For immediate delivery of 
sics quality biochemicals at ical prices, 
R, NUTRITIONAL BIOCHEMICALS 
he: CORPORATION is geared to serve you. 
_ A COMPLETE SELECTION 
nia OF MORE THAN 150 
AMINO ACIDS AND 
= PEPTIDES 
go, Typical Amino Acids 
als, Djenkolie Acid 
Glutamine 
Phenylalanine, 
ve, D, DL, L 
a Homoserine 
syl- Homocysteine 
Histidine 
ists, Valine, D, DL, L 
Irs Ornithine, DIL, L 
Dopa, D, L, DL Pp 
Asparagine, 
ae D, L, DL 
OE 
iO. ) 
phy 
urg, 
1 of 
rad. NUTRITIONAL 
ker, BIOCHEMICALS ; - : 
, ‘OF CORPORATION 
ohis 21010 Miles Avenue ... Cleveland 28, Obio New Catalog i M4 @) T ©] V @] L T Cc @) 4 f ow 
; - 195 - 
an- a, oun eee 95 Madison ve. New York 16, N. Y. 
ver- Write Dept. 102 
‘ica, — 
rly, 
rke- 
1C0- 
mp. 
d. 
i : KLETT 
tric ; ELECTROPHORESIS 
ries- 
55 
iene 
D. 
roit 
‘mal 
yi CUSTOM MADE 
raat 
ash- TOOL FOR THE ANALYSIS 
Co- OF COMPLEX COLLOID SYSTEMS, AND FOR 
logy THE CONTROL OF PRODUCTION OF 
‘ork PURIFIED PROTEINS, ENZYMES, HORMONES 
sity 
(R. 
aie) KLETT MANUFACTURING CO. 
ual, 179 EAST 87TH STREET 
ool- NEW YORK, N. Y. 
ege, 
nce, 
Col- 











. 125 18 JANUARY 1957 ” 








if by machine 


Alconox the world famous hospital 
and laboratory detergent now has 
a twin brother. 

Whether you wash your delicate 
glassware, instruments and —- 
ment by hand or by machine, 
we have the product that will 
do the job faster, better and safer 
than any detergent now on the 
market. 

Paul Revere’s message was dic- 
tated by the signal from Old North 
Church. 

Your decision is dictated by the 
washing method your laboratory 
uses. 


ALCONOX for all 

equipment washed by hand: 
ALCO JET for all 

equipment washed by machine: 


Alconox available in: 


Box of 3 Ibs.—price $ 1.95 
Carton (12 boxes of 3 Ibs.) 18.00 
Drum of 25 lbs. Ib, .45 
Drum of 50 Ibs. Ib. .40 
Drum of 100 Ibs. Ib, .40 
Barrel of 300 Ibs. Ib. .37 


(slightly higher on West Coast) 
Alcojet available in: 


Box of 5 Ibs.— $ 3.00 
Case (6x5 Ibs.) 15.00 
Drum of 25 lbs. Ib, .45 
Drum of 50 Ibs. Ib. .42 
Drum of 100 Ibs. Ib. .40 
Drum of 300 Ibs. Ib 37 


(slightly higher west of the Rockies) 


Order from your favorite supplier 
or write for literature and samples. 


ALCONOX,%.. 


61-63 CORNELISON AVE., JERSEY CITY 4, N. J, 
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EQUIPMENT NEWS 


All inquiries concerning items listed 
here should be addressed to Science, 
Room 604, 11 W. 42 St., New York 36, 
N.Y. Include the name(s) of the manu- 
facturer(s) and the department num- 


ber(s). 


™ MASS SPECTROMETER that operates on 
a radio-frequency principle rather than 
on a magnetic principle is designed for 
continuous-process stream analysis and 
control and for laboratory analysis. The 
new gas analyzer alternately monitors 
any six preselected gases in the range 
between mass 12 and mass 100. An ac- 
cessory permits cyclic monitoring of se- 
lected gases at the rate of one every 10 
sec. (Beckman Instruments, Inc., Dept. 


S125) 


™ PARTICLE RESOLVER utilizes flying-spot 
scanning to convert a two-dimensional 
distribution of density into a varying volt- 
age/time relationship, which in turn is 
used to produce an 8- by 8-in. picture of 
a microscopic subject on a picture tube. 
Magnification is variable from 200 to 
8000 diameters; resolution is 0.1 pw. The 
instrument, which is made by Cinema- 
Television, Ltd., of London, can also be 
used to count automatically the number 
of particules within the field of the ob- 
jective. Minimum particle size is 0.6 p. 
A sizing unit permits selection of a lower 
limit to the size of particles to be 
counted; this limit is from 0.6 to 160 u 
in 60 increments. (Marconi Instruments, 
Ltd., Dept. $126) 


™ RECORDING OSGILLOGRAPH that will ac- 
cept up to 24 individual signals simulta- 
neously and record them on a strip chart 
is of the direct ink-writing type but 
utilizes a light-beam type of galvanom- 
eter. (Century Electronics and Instru- 
ments, Inc., Dept. $127 


@ FLAME SPECTROMETER provides simul- 
taneous analysis of sodium, potassium, 
calcium, and magnesium in biological 
samples. The instrument consists of a col- 
lapsed-beam version of a Wadsworth 
750-mm, concave-grating spectrometer 
and associated electronic circuits. It re- 
quires a l-ml sample. Exit slits are lo- 
cated on the peaks of the lines giving the 
greatest sensitivity for Na, K, Ca, and 
Mg. Additional slits observe the back- 
ground on one or both sides of the lines. 
The photomultiplier output for the back- 
ground is electronically subtracted from 
the output for the line plus background. 
Concentration ranges are as follows: Na, 
0.01 to 30 ppm; Ca, 0.1 to 100 ppm; K 
and Mg, 1.0 to 1000 ppm. The precision 
is approximately +3% at 1 ppm for Na 
and Ca and at 10 ppm for K and Mg. 
(Jarrell Ash Co., Dept. $124' 
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FISHER 
NEFLUORO - PHOTOMETER 


FOR LABORATORIES 
IN EVERY AREA OF CHEMISTRY 


The three-purpose Fisher Nefluoro- 
Photometer combines in one easy-to-use 
instrument a colorimeter, nephelometer 
and fluorometer for rapid and precise de- 
termination of a wide variety of organic, 
inorganic, synthetic and biological mate- 
rials. It is designed for simplicity and 
flexibility to fill present needs and to grow 
with your laboratory! 


AS A 
COLORIMETER 

Light of specified wave- 
lengths is absorbed by solu- 
tion. Amount absorbed is 
measured and related to 
concentration. 





AS A 
FLUOROMETER 

Light of one wavelength 
causes some substances to 
fluoresce. The fluorescent 
light is measured and re- 
lated to the concentration. 





AS A 
NEPHELOMETER 
Dispersed particles scatter 
incident light, which is 
measured at right angles 
\ t and related to particle con- 
»<— centration. 

















available on request 


Illustrated how-to booklet showing the versa- 
tility of the Fisher Nefluoro-Photometer. 


139 FISHER BLDG., PITTSBURGH 19, PA. 


FISHER 
SCIENTIFIC 


Boston Buffalo Chicago Charleston, W. Va; 
Cleveland Detroit New York Philadelphia 
Pittsburgh St.Louis Washington Montreal - Toronto 


America's Largest Manufacturer- Distributor of 
laboratory Appliances and Reagent Chemicals 


B-17a 
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Mellwain Mechanical Tissue Chopper 


A new apparatus designed for the preparation of 
animal tissue for metabolic experiments. Es- 
pecially applicable to small and irregular speci- 
mens available from biopsies and small organs. 
Causes much less disturbance to cell structure 
than homogenizers or blenders and can be used 
on fragments which would be impossible to cut 
by other methods. 





Delivery from stock. Price $422.50 


BRINKMANN INSTRUMENTS, INC. 


- 376-380 Gr. Neck Rd. 3214 N. Broad St. 
Great Neck, L.I., N.Y. Philadelphia, Pa. 





















for chromatography . . . 


on ST ss 
SOS RA Ss ‘ 


| 2-Way 
FRACTION COLLECTOR 





_ Automatically Collects by Either | 
| “"Timed-Flow”’ or ““Volumetric’’ Method 


} This precision apparatus is a valuable aid to accurate fraction 
{ measurement and collection in chromatographic analysis. Oper- 
ated by a heavy-duty capacitor motor, the RINCO Fraction 
Collector provides completely automatic operation for any 
desired period. NO MERCURY, CHEMICALS OR ELECTRIC 
CURRENT COME IN CONTACT WITH YOUR SAMPLE. When 
utmost accuracy is required, fractions are measured with 
manometer assembly, as in diagram. 


3 Receiver Tables Available — 
Interchangeable with One Indexer 


24” Diameter—holds 237 tubes (18 mm. x 150 mm.) 
18” Diameter—holds 60 tubes.(25 ond 29 mm.) 
14” Diameter—holds 120 tubes ( 1 to 5 mi, 10 mi, 20 mi, and 50 mi.) 


: Complete Units, with a variety of attachments and suppl tary equipment, : ; 
ee ae from $265.50 to $433.50 For Routine Work or 
cummins sacs em Critical Determinations 
For complete details, write for Bulletin No. 755 today! 


SCHAAR 42ND company — Complate Laboratory Equipment 


754 West Lexington Street © Chicago 7, Illinois. 
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PERSONNEL PLACEMENT ) 








CLASSIFIED: 18¢ per word, minimum 
charge $3.60. Use of Box Number 
counts as 10 additional words. 


OPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week). 


DISPLAY: Rates listed below — no 
charge for Box Number. Monthiy 
invoices will be sent on a charge 
account basis — provided that satis- 
factcry credit is established. 

Single insertion $22.00 per inch 
13 times in 1 year 21.00 per inch 
26 times in 1 year 20.00 per inch 
52 times in 1 year 19.00 per inch 

For PRCOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 








Iii POStT10NS OPEN || 


iil POStT1ONS WANTED jj 





POSITIONS REQUIRING DEGREES IN 
MEDICINE OR SCIENCE: (a) Assistant 
Toxicologist; Ph.D. thoroughly trained experi- 
enced in pharmacology and/or biochemistry, 
might consider B.S. or M.S. outstandingly ex- 
perienced; assist noted toxicologist, supervise 
staff personnel, New England laboratory, noted 
eastern concern; $8000-$10,000. (b) Bacteriolo- 
gist; advanced degree preferred, must have hos- 
pital experience; to head section, 400-bed gen- 
eral hospital, expansion program under way; to 
$5000; Midwest. (c) Biochemist; excellent op- 
portunity for qualified M.S. or Ph.D., head de- 
partment, newly expanded and superbly equipped 
laboratory, 300-bed general hospital; reorganize 
and develop department, full responsibility all 
specialized procedures; to $7500; Chicago area. 
Woodward Medical Personnel Bureau, 185 
North Wabash, Chicago. x 








Hilt 
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li POSITIONS OPEN |] 





ASSISTANT PROFESSOR OF 
PHARMACOLOGY 


The University of Alberta invites applica- 
tions for the position of assistant professor of 
pharmacology, effective not later — 1 Sep- 
tember 1957, at a salary of $5000-$6200 per 
annum, with annual increments of $300. Duties 
include undergraduate and graduate teaching 
and a program of research. Applicants possessing 
a medical degree, in addition to qualifications in 
pharmacology, will be given preference. 

Applications for the above position should in- 
clude a recent photograph or snapshot, a curricu- 
lum vitae, and the name of three references, and 
should be sent to the Dean of Medicine, Univer- 
sity of Alberta, Edmonton, Alberta, Canada. X 











Chemist, M.S. or equivalent in organic (medi- 
cinal) chemistry. .with -experience or training in 
botany to assist in evaluation of scientific data 
concerning natural products. Eastern pharma- 
ceutical manufacturer offers liberal benefits. Send 
complete résumé. Box 4, SCIENCE. 1/18 





Chemist, M.S. or equivalent in organic (medi- 
cinal) chemistry with strong background in 
biology to assist in evaluation of scientific data 
for research activities of an eastern pharmaceu- 
tical firm. Liberal benefits. Send complete 
résumé. Box 3, SCIENC 1/18 





Research Scientist to collaborate in urological 
applications of ultrasound. Capacity for thought- 
ful independent investigation with broad me- 
chanical aptitudes at Columbia Medical School. 
Available now. Box 10, SCIENCE. 1/18 





(a) Scientists, Ph.D. degrees, biochemistry or 
chemistry, experienced pharmaceutical field; op- 
portunities for section or projects leaders and re- 
search scientists at bench level; new research 
laboratories, long-established organization ; 
$7000-$9000; Midwest. (b) Bacteriologist quali- 
fied to head department, 450-bed teaching hospi- 
tal; medical center; East. (c) Associate Medical 
Director; preferably physician well trained in 
surgery, medicine, or pediatrics; pharmaceutical 
company; Pacific Coast. (d) Clinical Chemist, 
Ph.D.; large general hospital, East; $7000- 
$10,000. (e) Endocrinologist; new laboratory, 
famed research institution; Midwest. (f) Ad- 
vertising Writer to direct program, ethical drug 
company; East. S1-3 Medical Bureau, Burneice 
Larson, Director, 900 North Michigan, Chicago. 





Teaching and Research Assistantships available, 
providing partial or complete support during 
graduate program. Gross anatomy course to be 
offered this summer is open to graduate students 
and undergraduate students past junior year, 
and will provide basic training for teaching to 
those otherwise unprepared. Inquire Dr. Paul 
G. Roofe, Chairman, Department of Anatomy, 
University of Kansas, Lawrence. /18, 25 








Copywriter and Literature Abstractor. Pharma- 
ceutical manufacturer; metropolitan area. Box 


16, SCIENCE. 1/25 





Editors (Assistant). B.A. or B.S. in botany, 
biology, bacteriology, zoology, or other biological 
field required. Facility with English and foreign 
languages helpful; 35-hour week, 13 working 
days leave, sick leave, $3600 per year with an- 
nual increases. Publishing house on University 
of Pennsylvania campus. Send résumé and ret- 
erences to Biological Abstracts, 3815 Walnut 
St., Philadelphia 4, Pa. 1/203 2 








EDUCATIONAL 
RFEPRESENTATIVE 
FOR STACEY’S 
OF SAN FRANCISCO 


Here is an unusual opening for a qualified 
man to present, on a college level, books 
of a group of publishers in the medical, 
biological, and allied science fields, in the 
territory of Oregon, Washington, and 
Western Idaho. Car and all travel ex- 
penses furnished. Starting salary, $400 
per month. Applicants should furnish a 
recent photograph and complete informa- 
tion, including educational background, 
to W. L. Butler, President, J. W. Stacey, 
Inc., 551 Market Street, San Francisco. 














Librarian-Scientific ; degree in library science or 
equivalent with training and/or experience in 
biology or chemistry to administer the functions 
of a pharmaceutical/medical library. Personality 
suitable to personal contact. Eastern manufac- 
turer. Liberal benefits. Send complete résumé. 
Box 5, SCIENCE 1/1 





Plant Physiologist, Ph.D. Experience in gad 
desirable. Research and college teaching at ga 
uate and undergraduate levels. Box 7, 


ENCE. 1/18, 25; SoA 





Teaching and Research Positions, Ph.D., at 
large midwestern Catholic university in verte- 
brate zoology, invertebrate zoology, embryology, 
and physiology. Academic rank and salary com- 
mensurate with qualifications. New chairman to 
be selected. All <setce held in strict con- 
fidence. Box 6, SCI CE. 1/18, 25.271; 8 





IMM POSITIONS WANTED jill 


Biochemist-Food Scientist, Ph.D. Established 
academic and research reputation; fluent writer 
and speaker. Seeks challenging leadership op- 
portunity, aR institutional, or industrial. 
Box 11, SCIENCE 1/18, 25 








Biochemist, Ph.D.; varied research experience, 
publications; pr esently employed. Desires aca- 
demic appointment. Box 17, SCIENCE. 4 





Biochemist, Ph.D., male; background in physi- 
ology and analytical chemistry; 2 years’ teaching 
experience. Desires teaching post with research 
opportunity. Box 18, SCIENCE. 





Clinical Research. Medical-sales education and 
professional service director, 3 years; college in- 
structor, medical technology and physical sci- 
ences, 3 years; A.B., psychology; B.S., biology; 
3 years’ medicine with medical writing experi- 
ence; desires clinical research or related posi- 
tion in pharmaceutical industry. Box 26, SCI- 

ICE. % 





Comparative Anatomy, M.S. Will complete resi- 
dence for Ph.D. in August; experimental embry- 
ology ; és _years of college pec. Pe 2 “ 


SCIEN ; 2/1, 





Medical Director; 5 years’ experience pharma- 
ceuticals, antibiotics at large eastern company; 
certified internist, knowledge of basic sciences; 
completing postgraduate course. Box 25, SCI- 

E, 1/25; 2/1, 8, 15, 22 





Microbiologist, Ph.D., 2 years as chief bac- 
teriologist in ahr Wek ‘laboratory directing 
vitamins, antibiotics, germicides, and food bac- 
teriology. Desires academic or iptapisial Posi- 
tion in eastern area. Box 27, SCIE 





Microbiologist, Ph.D., major parasitology ; some 
postdoctoral teaching’ and research experience. 
Desires teaching position, aterm with re- 
search opportunities. Box 15, SCIENCE. xX 





Microbiologist, Ph.D. Experienced, interested in 
biochemical analysis, cytochemistry, photomi- 
croscopy, mag oe? diseases, and metabolism. 
Publications. Box 23, SCIENCE. 4 





Microbiology, Ph.D.; major immunochemistry 
with strong background in chemistry, and_bio- 
chemistry, also mycology, virology, protozoology, 
and_ parasitology. Experienced isolation and 
purification enzymes, polysaccharides; 6 years’ 
teaching experience, graduate erick Desires in- 
dustrial position. Box 19, SCIENCE. 





Parasitologist, Ph.D.; biochemistry, minor; 8 
years of research and ‘teaching experience; pres- 
ently employed. Desires challenging industrial, 
academic, or research position. Box 28, SCI- 





(a) Physician, Ph.D., physiology; 14 years’ ex- 
perience as_ director, medical research. (b) 
Chemist; Ph.D., 3 years’ teaching; 7 years, 
senior chemist and production superintendent 
in industry. Medical Bureau, Burneice Larson, 
Director, 900 North Michigan Avenue, Chicago. 








The Market Place 


BOOKS + SERVICES + SUPPLIES + EQUIPMENT 








DISPLAY: Rates listed below — no 
charge for Box Number. Monthly 
invoices will be sent on a charge 
account basis—provided that satis- 
factory credit is established. 

Single insertion $22.00 per inch 

13 times in 1 year 21.00 per inch 
26 times in 1 year 20.00 per inch 
52 times in 1 year 19.00 per inch 
For PROOFS on display ads, copy must 


reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 














Ill|\| BOOKS AND MAGAZIN 











WANTED TO 


PURCHASE ... Sets and runs, foreign 


SCIENTIFIC ;2%2 domestic. Entire 


' 
PERIODICALS | libraries and smaller 
and Booxs | Collections wanted. 


WALTER J. JOHNSON, INC. 
111 Fifth Avenue, New York 3, New York 











Your sets and files of 


scientific journals 
are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
periodical files you are willing to sell at high mar- 
ket prices. Write Dept. A3S, J. ANNER, Inc. 
Boston 19, Massachusetts 


SCIENTIFIC JOURNALS WANTED 


Sets, Runs and Volumes bought at top prices. 
————————-_ Your wants supplied from 
our Back Files of over 3,000,000 periodicals. 
Service; N. Y. 3, N. Y. 
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The MARKET PLACE 


EQUIPMENT 


| BOOKS + SERVICES + SUPPLIES + 








lil PROFESSIONAL SERVICES || 





Project Consultation and Pro- 
duction Control Services in 
Biochemistry, Chemistry, Bacteri- 
Founpanonll ology, Toxicology — Insecticide 
Testing — Flavor Evaluation. 










Will FOR PRICE SCHEOULE 


WISCONSIN ALUMNI RESEARCH FOUNDATION 


P. O. BOX 2217-V * MADISON 1, WISCONSIN 
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“From the hand of 
the veterinarian 
te research” 


albino rats” 


Hypophysectomized 
Rats 


*Descendants of the 
Sprague-Dawley and 
Wistar Strains 


* 
HENRY L. FOSTER, D.V.M. 
President and Director 


THE CHARLES RIVER BREEDING LABS. 
Dept. B, Wilmington, Mass. 














» DO YOU NEED AN INCUBATOR WITH: 


1. Uniformity of temperature — total variation of .5°C. 
from top to bottom. 


2. Temperature control of + .2°C. 
3. A closed system for controlled atmosphere operation. 
4. Useable volume — 7 cu, ft. 
OR 
DO YOU NEED AN ECONOMICAL 
INCUBATOR-OVEN WITH: 
1. Temperature control of + .5°C. 


2. Combined operation as either an incubator, hot air 
sterilizer, or as an oven. 


3. Rapid thermostatic response —- reaches a maximum 
temperature setting within 30 minutes. 


4. Useable volume — 5 cu. ft. 


Also equipment for clinical and tissue culture laboratories. 


” WYBLE ENGINEERING DEVELOPMENT CORP., 


Box 223-A, Silver Spring, Maryland 








IONOGRAPH 


The Superior Instrument for Elec- 
trophoresis in Paper, Starch, etc. 


PRECISION SCIENTIFIC CO. 


3739 W. Cortland Street, Chicago 47, Ill. 
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| _o, SWISS MICE! 
; TACONIC | 
FARMS 
! GERMANTOWN, NEW YORK — Phone 3535 i 





GERMAN CAMERAS and special equipment for 
micro and technical photography or for the 
hobbyist. 
Save 35% (sometimes more) through our fam- 
ous “Import Your Own” system of buying. 
Examples: 
Exakta-Sehneider Xenon Automatic f1.9 
93.00 (duty $26.50) 
Rolleiflex Automat-Schneider Xenar 13.5 with case 
$140.00 (duty $14.90) 
Parcel post and insurance included. Similar savings on 
many other famous makes and accessories. Brand new, 
original factory packing. Only the latest factory production. 
Price-lists by return mail. Specify interests and require- 
ments. Nelson Company, 7810B Greenwood Avenue, 
Washington 12, D.C. 








BETA-METHYL 14 
CROTONATE 
and other tagged compounds 
OF HIGH RADIOPURITY 
ISOTOPES ““ourany INC. 
a 703 S. Main St. Burbank, Calif. 











SEND FOR DETAILS 
ON THE NEW, 
ULTRA-COMPACT 








ALBINO RATS 


Our mass production methods insure 
greatest uniformity and consistency 
Price list on request 
DAN ROLFSMEYER CO. @ Ph. 6-6149 
Route 3, Syene Road, Madison, Wisconsin 








STAINS—GURR’S—INDICATORS 
FREE PRICE LIST 
ESBE LABORATORY SUPPLIES 











459 Bloor St., W. Toronto, Canada 








Rte. 4, Box 205 
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Ho.ttzMAn Company 


Our continuous efforts to maintain the superiority of the Holtzman strain 
of albino rats are centered on the environmental, nutritional, and breed- 
ing aspects. We submit that your published report may be more accurate 
if you state that the rats were procured from us. We believe they are 
better than those produced elsewhere. 


Madison, Wis. 


Phone ALpine 6-5573 





SPRAGUE-DAWLEY, 
INC. 


PIONEERS IN THE 
DEVELOPMENT OF 
THE STANDARD 
LABORATORY RAT 


OUR PLEDGE: Our insistence 
on the highest possible quality 
will never be sacrificed to 


quantity. 


Sprague-Dawley, Inc. 
P.O. Box 2071 


Madison 5, Wisconsin 


Phone: CEdar 3-5318 














“OUR PREVIOUS AD 


created a great deal of interest, 
for which we are grateful. Addi- 
tional advertising in your magazine 
is contemplated.” 


be ee 
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SOLID STATE 
PHYSICS 


by A. J. DEKKER, University of Minnesota 


The emphasis in this new text has been placed 
on a clear exposition of the physical reasoning 
and of the physical models on which the inter- 
pretation of the observed properties of solids is 
based. The book is divided into two parts. Part 
I deals with topics which may be discussed in 
terms of atoms with little or no explicit refer- 
ence to the electron theory of solids. Part II 
deals with the electronic properties of solids. 
The author feels that this type of organization 
is pedagogically sound since the degree of diffi- 
culty increases as one proceeds through the 
book. 


To be published April 1957 


FUNDAMENTAL 
FORMULAS OF PHYSICS 


Edited by DONALD H. MENZEL, 
Harvard University 


Here is an authoritative handbook and primary 
reference for all science majors who employ the 
methods or applications of mathematical 
physics. 


Written by noted men in their fields, each of the 
thirty-one sections features the basic formulas 
used in the major areas of modern science. 
Many of these formulas are heretofore unpub- 
lished. 


Carefully chosen topics in the new handbook, 
such as Physical Chemistry and Biophysics, 
provide practical discussions for all research 
workers. In addition, extensive references to 
journals and miscellaneous works guide the 
reader to particular developments. 


765 pages © 59%" x 834” 
Published April, 1955 


for approval copies write 


PRENTICE-HALL, INC. 


Englewood Cliffs, New Jersey 








KIPP & ZONEN 


Specialized Scientific Instruments 


auxiliary apparatus 
Galvanomeret accessories 


Recording Apparatus 
Vacuum Thermocouples, Thermopiles 
ond Radiatiometers ” 
Solor Radiation Measuring Instrum 


Engel Photo-tlectric Colorimeter 


Kipp Fluorometer 


Kipp Flame Photometer 


Vitno Spectrophotometer 


Moll Microphotometers 
Van Cittert Double Monochromotors 


Mirror Spectrometer F/6 and F [3 


Kipp & Zonen, of Holland, are world renowned manufac- 
turers of precision laboratory equipment. Represented in 
the United States exclusively by the James G. Biddle Co. 


Write for REVIEW 54 -S 


JAMES G. BIDDLE CO. 


Electrical & Scientific Instruments 


1316 ARCH STREET, PHILADELPHIA 7, PA. 











New Multiple Purpose 
Hematocrit Pipette 


This new pipette allows 
numerous tests to be carried 
out on one sample of 0.1 ml of 
capillary blood — such tests 
as sedimentation rate, eryth- 
rocyte count, leucocyte count, 
hemoglobin concentration and 
blood glucose determination. 
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This new multiple purpose 
pipette saves time and effort. 
It eliminates the use of other 
pipettes making for labora- 
tory economy and _ greater 
efficiency. 





Send for circular today. 











Patent No. 2-664-752 


Delmar 


y oS ie : : 
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SERVICE QUALITY 


SERVALL 


DEPENDABILITY 





SUPERSPEED 
REFRIGERATED 


CENTRIFUGE 
16,000 rpm 32,700 x G 


with Dual Automatic Temperature 
and Holding Control... 


...an exclusive feature for rapidly establishing 
temperatures down to 0°C., and maintaining them, 

+ 1°C., through both operating and non-operating cycles. 
No external pre-cooling of rotors is necessary as 
pre-operation cooling may be carried out quickly within 
the “Servall” instrument itself. 


A versatile selection of rotors, including the 
400-ml Superspeed Rotor, may be interchanged quickly and 
easily on the “Servall”-originated, self-balancing direct drive. 

No cumbersome, complicated drive attachments 


are required in order to obtain the higher speeds. 


Varying quantities of material up to 2,000 ml may be spun through 
a wide range of speeds that cover all routine and many special 
laboratory-research requirements. For complete details about all the 

superior features that only “Servall” can offer, 
WRITE FOR BULLETIN SC-11R. 


The unequalled excellence of ‘‘Servall'’ Laboratory Instruments 
results from our original and continuing development of 
design, and a thorough familiarity with 


researchers’ requirements since 1930. 


Temperature °C 


Sample Temperature Test 
on ! 


Conditions - Temp. 


1 2 3! 


. Controis Set To O°C. 
|. P.M. Running: 16,000 (29,000 x G) 


1 
Sole distributors in the United States and Canada / 
tor LKB Electrophoresis, Chromatography / 


and Physical Chemistry Instruments 


hh (71/1 Sorvall ° iit 


NORWALK - CONNECTICUT 





/ 
/ 
/ 
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DESIGNERS, MANUFACTURERS AND 
DISTRIBUTORS OF ‘‘SERVALL"’ . 
SPECIALIZED LABORATORY INSTRUMENTS 











© Onthophot . 


..,universal photographic camera 


for 

e@ Photomicrography 

@ Photomacrography 

@ General laboratory photography 
e Cinemicrography 


e Compact ...sturdy... easy-to-use 
Integral KOEHLER type illumination 


2 
© Reflex-type camera 
= 


Precision components... quickly inter- 
changeable 

Uses black and white or color film... 

roll film No. 120, 244” x 24”, cut and 

packfilm 24” x 34", 35mm film 











Plus = unique built-in 


"SPLIT MICRON” telescope for 
convenient and positive focusing. 


*Formerly available from Silge and Kuhne 


er 
Dept. M3 


Ameriean ( ptical Send Orthophot Brochure SB1300 
Company 


INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 





Address 





Zone State 











